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TITLE OF TEffi INVENTION 

CATHEPSIN CYSTEINE PROTEASE INHIBITORS 

BACKGROUND OF THE INVENTION 
5 A variety of disorders in humans and other mammals involve or are associated with 

abnormal bone resorption. Such disorders include, but are not limited to, osteoporosis, glucocorticoid 
mduced osteoporosis, Paget' s disease, abnormally increased bone turnover, periodontal disease, tooth 
loss, bone fractures, rheumatoid arthritis, osteoarthritis, periprosthetic osteolysis, osteogenesis 
ucperfecta, metastatic bone disease, hypercalcemia of malignancy, and multiple myeloma. One of the 

10 most conmion of these disorders is osteoporosis, which in its most frequent manifestation occurs in 
postmimopausal women. Osteoporosis is a systemic skeletal disease characterized by a low bone mass 
and noicroarchitectural deterioration of bone tissue, with a consequent mcrease in bone fragility and 
susceptibility to fracture. Osteoporotic fractures are a major cause of morbidity and mortality m the 
elderly population. As many as 50% of women and a third of men will experience an osteoporotic 

15 fracture. A large segment of the older population akeady has low bone density and a high risk of 
fractures. There is a significant need to both prevent and treat osteoporosis and other conditions 
associated with bone resorption. Because osteoporosis, as well as other disorders associated with bone 
loss, are generally chronic conditions, it is believed that appropriate therapy will typically require 
chronic treatment. 

20 Osteoporosis is characterized by progressive loss of bone architecture and mineralization 

leading to the loss in bone strength and an increased fracture rate. The skeleton is constantly being 
remodeled by a balance between osteoblasts that lay down new bone and osteoclasts that breakdown, or 
resori), bone. In sonoe disease conditions and advancing age the balance between bone formation and 
resorption is disrupted; bone is removed at a faster rate. Such a prolonged imbalance of resorption over 

25 fomiation leads to weaker bone structure and a higher risk of fractures. 

Bone resorption is primarily performed by osteoclasts, which are multinuclear giant 
cells. Osteoclasts resorb bone by forming an initial cellular attachment to bone tissue, followed by the 
formation of an extracellular compartment or lacunae. The lacunae are maintained at a low pH by a 
proton-ATP pump. The acidified environment in the lacunae allows for initial demineralization of bone 

30 followed by the degradation of bone proteins or coUagen by proteases such as cysteine proteases. See 
Delaisse, J. M. et aL, 1980, jBfoc/wm J 192:365-368; Delaisse, J. et cd., 1984, Biochem Biophys Res 
CommunrMl-AAl*^ Delaisse, J. M. et a/., 1987, Bone 8^305-313, which are hereby incorporated by 
reference m their entirety. Collagen constitutes 95 % of the organic matrix of bone. Therefore, 
proteases involved in coUagen degradation are an essential conq)onent of bone turnover, and as a 

35 consequence, the developnoent and progression of osteoporosis. 
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Catfaepsins belong to the papain siqperfamily of cysteine proteases: These proteases 
function in the normal physiological as well as pathological degradation of connective tissue. Cathepsins 
play a major role in intracellular protein degradation and turnover and remodeling. To date, a number of 
cathepsin have been identified and sequenced from a nmnber of sources. These cathepsins are naturally 
5 found m a wide variety of tissues. For example, cathepsin B, C, F, H, L, Kl, O, S, V, W, and Z have been 
cloned. Cathepsin K (which is also known by the abbreviation cat K) is also known as cathepsm O and 
cathepsin O2. See FCT Application WO 96/13523, Khepri Pharmaceuticals, Inc., published May 9, 

1996, which is hmby incorporated by reference in its entuety. Cathepsin L is inq>licated in normal 
lysosomal proteolysis as well as several diseases states, including, but not limited to, metastasis of 

10 melanomas. Cathepsin S is implicated in AMeimer's disease, atherosclerosis, chronic obstructive 
pulmonaiy disease and certain autouxmmne disorders, including, but not limited to juvenile onset 
diabetes, multiple sclerosis, pemphigus vulgaris, Graves* disease, myasthenia gravis, systemic lupus 
erythemotasus, rheumatoid arthritis and Hashimoto's thyroiditis; allergic disorders, including, but not 
limited to asthnfia; and allogenic immune responses, including, but not limited to, rejection of organ 

15 transplants or tissue grafts. Increased Cathepsin B levels and redistribution of the enzyme are found in 
tumors, suggesting a role in tumor invasion and metastasis. In addition, aberrant Cathepsin B activity is 
implicated in such disease states as rheumatoid arthritis, osteoarthritis, pneumocystisis carinii, acute 
pancreatitis, inflanxmatory akway disease and bone and joint disorders. 

Mammalian cathepsins are related to the papain-like cysteiae proteases expressed by 

20 disease-causing parasites including those from the families protozoa, platyhehninthes, nematodes and 
arthropodes. These cysteine proteases play an essential role m the life cycle of these organisms. 

Cysteme protease inhibitors such as E-64 (rran5-epoxysuccinyl-L-leucylamide-(4- 
guanidino) butane) are known to be effective in mhibiting bone resorption. See Delaisse, J. M. et al.^ 
1987, Bone 8:305-313, which is hereby incorpc»:ated by reference in its entirety. Recently, cathepsin E 

25 was cloned and found specifically expressed m osteoclasts See Tezuka, K. et al, 1994, / Biol Chem 
262:11064109; Shi, G. P. etaL, 1995, FEBS Lett 357:129-134; Bromme, D. and Okamoto, K., 1995, 
Biol Chem Hoppe SeyZ^r 376:379-384; Bromme, D.etaL, 1996, J Biol Chem 271:2126-2132; Drake, F. 
H. et oLy 1996, J Biol Chem 271: 1251 1-12516, which are hereby incorporated by reference in their 
entirety. Concurrent to the cloning, the autosomal recessive disorder, pycnodysostosis, characterized by 

30 an osteopetrotic phenotype with a decrease in bone resorption, was mapped to mutations present in the 
cathepsin K gene. To date, all mutations identified in the cathepsin K gene are known to eliminate 
coUagenase activity. See Gelb, B. D. et al., 1996, Science 221: 1236-1238; Johnson, M.R.et al, 1996, 
Genome Res 6:1050-1055; Hou, W.-S. et aL, 1999 J. Clin, Invest 103, 731-738 which are hereby 
incorporated by reference in their entirety. Therefore, it appears that cathepsin K is involved in 

35 osteoclast mediated bone resorption. 
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Cathepsin K is synthesized as a 37 kDa pre-pro enzyme, which is localized to the 
lysosomal conDpartment and where it is presumably autoactivated to the mature 27 kDa enzyme at low 
pH. See McQueney, M.S. etoL, 1997. J Biol Chem 222:13955-13960; littlewood-Evans, A. et oL, 
1997, Bone 20:81-86, which aie hereby incorporated by reference in their entirety. Cathepsin K is most 

5 closely related to cathepsin S havmg 56 % sequence identity at the amino acid level. The S2P2 substrate 
specificity of ca&epsin K is similar to that of cathepsin S with a preference in the PI and P2 positions for 
a positively charged residue such as arginine, and a hydrophobic residue such as phenylalanine or 
leucine, respectively. See Bromme, D.etaL, 1996, J Biol Chem 221: 2126-2132; Bossard, M. J. et oL, 
1996, J Biol Chem 271: 12517-12524, which are hereby incorporated by reference in their entirety. 

10 Cathepsin K is active at a bix)ad pH range with significant activity between pH 4-8, thus allowing for 
good catalytic activity in the resorption lacunae of osteoclasts where the pH is about 4-5. 

Human type I collagen, the major collagen in bone is a good substrate for cathepsin K. 
See Kafienah, W., et oL, 1998, Biochem J 22i:727-732, which is hereby incorporated by reference in its 
entirety. In yntro experiments using antisense oligonucleotides to cathepsin K, have shown dimmished 

15 bone resorption in vitro^ which is probably due to a reduction in translation of cathepsin K mRNA. See 
iim,T.,etaL, 1991, J Biol CAcin222i8109-8112, which is hereby incorporated by reference in its 
entkety. The crystal structure of cattiepsin K has been resolved. See McGrath, M. E., et al,, 1997, Nat 
Struct Biol 4:105-109; Zhao, B., et al, 1997, Nat Struct Biol 4: 109-11, which are hereby incorporated by 
reference in their entirety. Also, selective peptide based inhibitors of cathepsin K have been developed 

20 See Bromme, D., et al, 1996, Biochem J 311:85-89; Thompson, S. K., et al,, 1997, Proc Natl Acad Sci U 
S A 94: 14249-14254, which are hereby incorporated by reference in their entirety. Accordingly, 
inhibitors of Cathepsin K can reduce bone resorption. Such inhibitors would be useful in treating 
disorders involving bone resorption, such as osteoporosis. 

25 SUMMARY OF THE INVENTION 

The present invention relates to compounds that are capable of treating and/or 
preventing cathepsin dependent conditions or disease states in a mammal in need thereof. One 
erdbodiment of the present invention is illustrated by a compound of Fomxula I, and the phaimaceutically 
acceptable salts, stereoisomers and N-oxide derivatives th^eof : 

30 
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DETAILED DESCWnON OF THE INVENTION 

The piesent invention relates to coirpounds of the following chemical fonnula: 




wherein 

Rl is hydrogen, Ci-6 alkyl or C2-6 alkenyl wherein said alkyl and alkenyl groups are optionally 
substituted with C3-6 cycloalkyl, -SR6, -SR7. -S0R6, -S0R7, -SO2R6, 

-SO2R7, -S02CH(R7)(r9). .0R7, -0R6, -N(R7)2, one to six halo, aryl, heteroaryl or hetarocycyl 

10 wherein said aryl, heteroaryl and heterbcycyl groups are optionally substituted with one or two 
substitutents mdependently selected from the group consisting of Ci^ alkyl, halo, hydroxyalkyl, 

hydroxy, alkoxy and keto; 

r2 is hydrogen, Ci^ alkyl or C2-6 alkenyl wherein said alkyl and alkenyl groups are optionally 
substituted wi& C3-6 cycloalkyl, -SR6, -SR7, ^0R6, -S0R7, -SO2R6. 
15 -S02R7, -S02CHai7)(R9). 0R7, -0R6, "■N(R7)2, one to six halo, aryl, heteroaryl 

or heterocycyl wherein said aryl, heteroaryl and heterocycyl groups are optionally substituted with one or 
two substitutents independ^tly selected from the groiq> consisting of Ci-6 alkyl, halo, hydroxyallgrl, 

hydroxy, alkoxy or keto; or ^ 

Rl and r2 can be taken together with the carbon atom to which they are attached to form a €3.3 

20 cycloalkyl or heterocycyl ring wherein said ling system is optionally substituted with one or two 

substituents independently selected from the group consisting of Ci^ alkyl, hydroxyalkyl, haloalkyl and 

halo; 

each R3 is independently selected from the group consisting of hydrogen, halo and Ci-2 alkyl wherein 

said alkyl group is optionally substituted with halo; or 
25 two R3 groups can be taken together with the carbon atom to which they are attached to form a €3^ 

cycloalkyl ring, wherein said group is optionally substituted with halo; 

D is C1.3 alkyl, C2-3 alkenyl, C2p-3 alkynyl, aryl, heteroaryl, C3-8 cycloalkyl or heterocycyl wherein 
each said aryl, heteroaryl, cycloalkyl and heterocycyl groups, which may be monocyclic or bicyclic, is 
optionally substituted on either the carbon or the heteroatom with one to five substitu^ts independently 
30 selected from the group consisting of Ci^ alkyl, haloalkyl, halo, keto, allix»xy, -SR^ -SR\ -OR^ -OR\ 
i^dSCh, -SO2R6 and -SO2R8; 
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B is C2-3 alkenyU C2-3 aliynyl, aiyl, heteroaiyl, Cs^ cycloalkyl or heterocycyl wherein each said aryl, 
hetexoaiyl, cycloalls^fl and heterocycyl groups, which toay be monocyclic or bicyclic, is optionally 
substituted on either the carbon or the heteroatom with one to five substituents independentiy selected 
from the group consisting of Ci-6 alkyl. haloalkyl, halo, keto, alkoxy, -5R^ -SR\ -0R^ OR\ N(R^)2, - 
5 S02JR6and-S02R8; 

r5 is hydrogen, Ci-6 alkyl, C2-6 alkenyl, C2-6 alkynyl, Ci-6 alkyloxy, halo, nitro, cyano, aryl, 
heteroaryl, C3-8 cycloalkyl, heterocyclyl,-C(0)OR8 -C(0)OSi[CH (CH3)2]3, -OR^ -ORS, -C(0)R8. - 
r8C(0)R6. -C(0)R6, -C(0)N(Ra)(Rb). 

4:(0)N(R7)(R7), -C(0)N(R8)(R9), <XR8)(R^0H. -SOmR?, -SOmR6, .r8sr6, -R6, .C(R6)3, - 
10 C(R8)CR9)N(R6)2 , -NR8C(0)NR8S(0)2R6, ^OmN(RC)(Rdx -SOmCH(R8)(R9), -SOni(Ci. 
6alkyI)C(0)(Co.6alkyl)NRlO. -SOin(Cl^alkyl)N(RlO)2, -SOin(Cl.6alkyl)RlO; -S0m(C3- 
ScycloalkyDRlO; ^02N(R8)C(0)(R7), -S02(R8)C(0)N(R7)2, ^S02R8, -N(R8)(R9), - 
N(R8)C(0)N(R8)(R6), -N(R8)C(0)R6, -N(R8)C(0)R8, .N(R8)C(0)0R8, -N(R8)S02(R8). - 
C(R8)(R9)NR8C(R8)(R9)r6, .C(R8)(R9)N (R8)R6, ^(R8)(r9)N(R8)(r9), - 
15 C(R8)(R9)SC(R8)(R9)(R6), r8S-, -C(Ra)(Rb)NraC (Ra)(Rb)(R6), .C(Ra)(Rb)N(Ra)(Rb), - 
C(Ra)(Rb)C(Ra)(Rb)N(Ra)(Rb), .C(0)C(Ra) (Rb)N(Ra)(Rb), <:(Ra)(Rb)N(Ra)C(0) R6, - 
C(0)C(Ra)(Rb)S(Ra), C(Ra)(Rb)C(0)N (Ra)(Rb), -B(0H)2. -OCH2O- or 4,4,5,5-tetraniethyH,3,2- 

dioxaborolan-2-yl; wherein said groups are optionally substituted on either the carbon or the heteroatom 
with one to five substituents independentiy selected from the group consisting of Ci-6 alkyl, halo, keto, 

20 cyano, haloalkyl, hydroxyalkyl, -0R6, ^r7, -NO2, -NH2, -NHS(0)2R8, -R6s02R7, -S02R7, ^0(R7), 
^R7, -SR6, -SOmN(Rc)(Rd), -SOmN(R8)C(0)(R7), -C(R8)(R9)N(R8)(R9), ^(R8)(r9)OH. -COOH, - 
C(0)(0)(R7), <:(0)(0)C(R7)3.-C(Ra)(Rb)C(0)N(Ra)(Rb),.CX^^^ -N(R8)C(R8)(r9)(r6), . 
N(R8)C0(R6). -NH(CH2)20H, -NHCX0)0R8. -Si(CH3)3. heterocyclyl. aryl. heteroaiyl, (Ci. 
4alkyl)heteroaiyl and (Ci^a]kyl)aiyl; 

25 R6 is hydrogen, aiyl, aiyl(Ci-4)alkyl, (Ci-4alkyl)aryl, heteroaryl, heteroaryl(Ci-4)alkyl, (Ci- 

4alkyl)heteroaiyl, C3-8 cycloalkyl, €3^ cycloallqrl(Ci^)alkyl, or heterocyclyl(Ci-4)alkyI wherein said 
groups can be optionally substituted with one, two, or three substituents independentiy selected from the 
group consisting of halo, alkoxy and -S02R^» 

R7 is hydrogen or Ci-6 alkyl which is optionally substituted with one, two, or three substituents 
30 independentiy selected from die group consisting of halo, alkoxy, cyano, -N(R8)(R9) and -SR8; 
R8 is hydrogen or Ci-6 alkyl 
R9 is hydrogen or Ci-g alkyl; 

rIO is hydrogen, Ci^ alkyl, cyano, aryl, heteroaryl, heterocyclyl, SQmheteroaryl, (C=N)0(Ci-6alkyl) 
or (Ci-6alkyl)NH(SOin)heteroaiyl; 

-5. 
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Ra is hydrogen, Ci^ alkyl, (Ci^ alkyl)aryl. (Ci^ alkyl)hydroxyl, -0(Ci^ alkyl), hydroxy!, halo, aryl, 
heteroaryl, C3J& cycloalkyl or heterocyclyl, wherein said alkyl, aryl, heteroaiyl, C3-S cycloalkyl and 
heteiocycyl can be optionally substituted on either the carbon or the heteroatojm witii one, two, or three 
substituents independently selected from Ci^ alkyl or halo; 

5 Rb is hydrogen. Ci^ alkyl, (Ci^ alkyl)aryl, (Ci-6 alkyl)hydroxyl, alkoxyl, hydroxyl. halo, aryl, 
heteroaryl, C3-8 cycloalkyl or heterocycyl, wheiem said alkyl, aryl, heteroaryl, C3-8 cycloalkyl and 
heterocycyl can be optionally substituted on either ttie carbon or the heteroatom with one, two, or three 
substituents independently selected from group consisting of Ci-6 alkyl and halo; or 
Ra and Rb can be taken together witii tiie carbon atom to which they are attached or are between them to 

10 fonn a C3-8 cycloalkyl ring or C3-8 heterocycyl ring wherein said 3-8 membered ring system may be 
optionally substituted witii one or two substituents independentiy selected from Ci-6 alkyl and halo; 
Rc is hydrogen or Ci^ alkyl which is optionally substituted with one, two, or tiiree substituents 
independentiy selected from the group consisting of halo and -0R6; 

Rd is hydrogen or Ci-6 alkyl which is optionally substituted with one, two, or tiiree substituents 
15 independentiy selected from tiie group consisting of halo and -0R6; or 

RC and Rd can be taken together witii tiie nitrogen atom to which they are attached or are between fliem 
to form a C3.8 heterocycyl ring which is optionally substituted witii one or two substituents 
mdependentiy selected from the group consisting of alkyl, halo hydroxyallgrl, hydroxy, alkoxy and 

keto; 

20 n is an integer from one to three; 
m is an integer from zero to two; 
p is an integer from one to three; 

and the pharmaceutically acceptable salts, stereoisomers and N-oxide derivatives tiiereof. 

Jn an embodimmt of tiie invention, Rl and R2 are each hydrogen. In another 

25 embodiment of the invention, R1 and R2, when on tiie same carbon atom, can be taken togetiier witii flie 
carbon atom to which they are attached to form a 3-8 menibered cycloalkyl ring system wherein said ring 
system is optionally substituted wifli Ci-6 alkyl, hydroxyallqrl, haloaftyl and halo. Examples of ring 
systems that can be formed include cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl and cycloheptyl. A 
preferred enobodiment is when cyclopropyl is formed. 

30 In another embodunent of tiie invention, Rl and R2 together witii tiie carbon atom to 

which tiiey are attached to form a 3-8 membered heterocyclyl ring system wherein said ring system is ' 
optionaUy substituted witii Ci-6 alkyl. hydroxyalkyl, haloalkyl or halo. Examples of ring systems tiiat 
can be formed include piperidinyl, pyrrolidinyl, or tetrahydropyranyl. 
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Tn an embodiment of the invention, each r3 is hydrogen or halo, hi a class of the 

embodumsnt, two R3 groups are attached to tite sam^^ carbon (gemmal substitutian). hi subclass, each r3 

is halo. In a further subclass, each R3 is fluoro. 

hi an embodiment of the mvention, D is aryl or heteroaryL Exan5>les of preferred 
5 heteroaryl groins are pyridine, thiazole, isothiazole, oxazole, isoxazole, triazole, unidazole and 

thiadiazole. hi an embodiment of the invention E is aryl or heteroaryl. 

hi an embodiment of the invention, R5 is -SOmR?. -SOmR^, -R8SR6, SOinN(Rc)(Rd), - 

SOmCH(R8)(R9),-SOm(Ci^alkyl)C(0)(Co-6alkyl)NRl^ -SOm(Cl^alkyl)N(RlO)2, -SOm(Ci. 

6alkyl)RlO; ^Om(C3-8cycloalkyl)RlO; -S02N(R8)C(0)(R7) or -S02(R8)C(0)N(R7)2; wherein said 
10 groups are optionally substituted on either the carbon or the heteroatom with one to five substitu«its 

independently selected from the group consistmg of Ci-6 alkyl, halo, keto, cyano. haloalkyl, 

hydroxyalkyl. -0R6, ^R7, -NO2, -NH2, -NHS(0)2R8. -R6S02fl7, ^02^7, ^0(R7), ^r7. ^r6, . 

SOinN(RC)(Rd). -SOmN(R8)C(0)(R7), -C(R8)(R9)N(R8)(R9), -C(R8)CR9)0H, ^OOH, -C(0)(0)(R7). 

-C(0)(0)C(R7)3, <:(Ra)(Rb)C(0)NCRa)(Rb), -C(0)(Ra), -N(R8)C(R8)(R9)(R6), -N(R8)C0(R6), - 
15 NH(CH2)20H, -NHC(0)0R8, -Si(CH3)3. heterocyclyl, aryl. heteroaryl, (CMallqfl)heteroaryl and (Ci- 

4alkyl)aryl. 

hi an embodiment of the invention, n is two. 

hi an embodiment of the mvention, p is one. hi another embodiment of the mvention, p 
is two. In another embodiment of the invention, p is three. 
20 In an embodiment of the invention, Ra and Rb are defined such that they can be taken 

together with the carbon or nitrogen to which they are attached to form a monocyclic or bicyclic 
carbocycle or heterocycle with 5-7 members m each ring. The heterocycle can optionally contain, m 
addition to die nitrogen, 1 or 2 additional heteroatoms selected from N, O and S. Said carbocycle and 
heterocycle can be optionally substituted with one or more substituents selected from Ci-6 alkyl and 

25 halo. 

Reference to the preferred embodhnents set forth above is meant to include all 

combmations of particular and preferred groups unless stated otherwise. 

Specific embodiments of the present invention include, but are not lunited to: 

2r<2-bromophenyl)-N'<cyanomethyl)-5,5-difluorocyclohexanecarboxamide; 
30 2K2-bromophenyl)-N-<cyanomethyl)-5,5-difluorocyclohexanecarboxamide; 

N-(cyanomethyl>5,5-^fluoro-2-[4Xmethylthio>l,r-biphenyl-2-yl] cyclohexanecarboxamide; 

NKcyanomethyl)-5,5-difluoro-2-[4'KniethyltMo)4,r-biphenyl-2-yU 

NKcyanoniethyl)-5,5-difluoro-2-[4'<methyltMo)4,r-biphenyl-2-y^^ 

N<lK:yanocyclopropyl)-5,5^uoro-2-[4XmethyltWo)-l,r-biphenyl-2-yl]cyc^^^^ 
35 N-(l«<:yanocyclopropyl)-5,5-difluoi<)-2-[4Hmethylthio)4,r-biphra^ 
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N-<l-cyancxyclopropyl>5,5-KJffluoro-2-[4HmethyltMo)4 
2-[4'<beii2yloxy)-l,l-biphMyl-2-yl]-N<cyanomefliyl)c^^^ 
N-<cqranoinethyl)-2-<4*-hydroxy-14-biphenyl-2-yl)cyclohexan^ 
NHcyanoniBthyl)-2-<4-fluoro-l,l-biphenyl-2-yl)cyclohex^ 
5 NKcyanomethyl)-2-[4Hn^thylsulf(myl>l,l-bi^^ 
N-<cyanoinethyl)-5,5-difluor<>2-(4-fluoro-lJ-biph 
N-<cyanomethyl)-2-(4Winyl-lJ"biphenyl-2-yl)cyclohexanecarboxam 
N<cyanoinethyl>2-(4'-cyclopropyl-l,l-biphenyl-2-yI)cyclohexanecar^ 
N-<cyanomethyl)-5,5-dffluoro-2-t5Kmethylsulfonyl)-4Hmet^^^ 

10 cyclohexanecarboxamide; 

N-(l-cyanocyclopropyl)-5,5-4ifluoro-2-[5Kmethylsulf^^ 
yljcyclohexanecaiboxamide; 
NKcyanomethyl>2-{4-[(fluoromethyl)thio]-14'^^ 
NKcyanomethyl)-2<2-iiiethyl-l,r-biphenyl-2-yO 

15 NKcyanoinethyl)"2<4-niethyl-l,r-biphenyl-2-yl)cycl^^^ 
NKcyanoiiiethyl)-2<4'-ethyl-14-biphenyl-2-yl)cyd^^ 
N<cyanomBthyl)"2-<4-propyl-l,r-biphenyl-2-yl)cyclohexanecarbo 
N-(cyanomethy l)-2-(3*-isopropyl- 1 , r-biphenyl-2-yl)cycIohexanecarboxamide; 
NKcyanomethyl)"2K4*4sopropyl-l,r-biphenyl-2-yl)cyclohexanecaA 

20 2-<4'-tert-butyl-lJ-biphenyl-2-yl)-N-<cyanomethyl)cyclohexanecar 

NKcyanomethyl)-2-t3Htrifluoromethyl)-14'~biphenyl-2-yl]cyclohexan^ 
N-<cyanomethyl)-2-(3-fluoro-lJ*-biphenyl-2-yl)cyclohexanecarboxam 
N-(cyanoinethyl)-2-(2'-fluoro-'l , 1 '-biphenyl-2-yl)cyclohexanecarboxaimde; 
2'<4'K:Woro-l,l-biphenyl-2-yi)-NKcyanoniethyl)cyclohexanecaA 

25 2-<3'-chlaro-l,l-biphenyl"2-yl)-N-(cyanoiiiethyl)^ 

N-<cyanoinelhyl)-2-[3'<hydroxymethyl)-lJ-Wphenyl-2-yy 

2H2-{ [(cyanometfayl)aiiuno]carbonyl)cyclohexyl>14 -biphenyl-3-^^ acid; 

2M2-{[(cyanoinethyl)animo]carbonyl}cyclohexyl)-l,r-bipheny 

N-(cyano3nethyl)-2-(3 -methoxy-1 , r-bipheiiyl-2-yl)cyclohexaiiecarboxainide; 

30 NKcyanoinethyl)-2-(2'-ethoxy-lJ-biphenyl-2-yl)cyclohexanecarbox^ 
N<cyanomethyl)-2K4*-ethoxy-l,r-biphenyl-2-yI)cyclohexanecarboxaim 
N-<cyanomethyl)-2-(3Msopropoxy-l,r-biphenyl-2-yl)cyclohexanecaA 
NKcyanomethyl)-2-(4-isopropoxy-lJ'-biphenyl-2-yl)cyclohexanecar^ 
N<cyanoinethyl)-2-(4-phenoxy-l,r-biphenyI-2-yl)cycIohexanecarbo^ 

35 NKcyanoiiiethyl)-2-[4Htrifluor<)methoxy>l,r-biphenyl-2-^^^ 
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N-(cyanoinethyl)-2-[2'-(inBthyltMo)-l , r-biphenyl-2-yIJcyclohexanecarboxamide; 

N<cyan(Mnethyl>2-[3HinethyltMo>l,r-biphenyl-2-^^^ 

N-<cyanamethyl)-2-[4'-<ethylthio)-14-biphenyl-2-yU 

2<3'-a]xuno-l,r-biphenyl-2-yl>N<cyanoinetfayI)cycloh 
5 NK^^aiioiriethyl)-2-[4^dimethylamino)-14-biphenyl^^ 

NK«7anometbyl)-2-<3-iutro-14'-biphenyl-2-yl)cyclohexane^ 

2-[3-(acetylaimno)-14'-biphenyl-2-yl]-N-(cyanomethyl^^ 

NKcyanomethyl)-2<4'-isobutyl-l,r-biphenyI-2"yI)cyclohexanecar^^ 

NKcyano3aiethyl)-2-(2-pyridin-4-ylphenyl)cyclohexanecarbox^ 
10 N<cyanoinethyl)-2-<2-quinoUn-8-ylpheny])cyclohexanecarboxaim 

N-(cyanomethyl)-2-[2<2-methoxypyiimidm 

N-<cyanoinethyl)-2<2-pyridm-3-ylphenyl)cyclohexanecarboxam 

NK<7anoiiiethyl)-2*<2-tMra-3-ylpbenyl)cyclohexanecarb^ 

2-<4'-acetyl-lJ-biphenyl-2-yl)-N-<cyanoiiiethyl)cyclohexai^ 
15 N-<<7anomethyl)-2<lJ':2\l"4eiphenyl-2-yl)cyclohexaiiecarboxai^ 

2-(4'-<;yano-l,r-bipheDyl-2-yl)-NKcyanamethyl)cycl^^ 

2-(3*-cyano-l , 1 -biphenyl-2-yl)-N-(cyanomethyl)cyclohexanecarboxainide; 

6K3-bromophenyl)-N-<cyanoniethyl)cyclohex-3-«ne-l-carboxainide; 

2-(3-bromophenyl)-N-(cyanomethyl)cyclohexaiiecarboxamide; | 
20 tert-butyl 4-[3 -(2-{ ((cyanomethyl)aimiio]carbonyl}cyclohexyl)-l,r-biphenyl-4-yl] piperazine-1- 

carboxylate; 

N'<cyanoraethyl)-2-(4'-piperazm-l-yl-14-biphenyl-3-yl)cyclohexan^ 

2-<3-bromophenyl)-N<cyanomethyl)-4-iiiethylcyclopemlmeca^^ 

(4R)-2K3-bn)]iu3phenyl)-N<cyanoxxi&thyl)-4-iDet^^^ 
25 N<cyanomethyl)-2-(4-melhoxy-l,r4>iphenyl-3-yl)cycl^^ 

N<cyanomethyl)-2-[4Kmethylthio)-14-biphenyl-3-yl]cyclohe^ 

N<cyanoinethyl)-2-[4'-<methylsdfonyl)-l,l-bipte^ 

N<cyanoxiiethyl)-2-(5-phenyl-I3-oxa2X)l-2-yl)cyclohexanecarb^^ 

N-(cyanome%l)-2K5-phenyl-13-thiazol-2-yl)cyclohexanecarboxam 
30 N-<cyanoinediyI)-2-(5-phenyI-l,3-thia2ol-2-yl)cyclohexanecarboxam 

2-(2-bromophenyl)-N--(cyanoinethyl)cyclohexaDecarboxamide; 

N-(cyanome%l)-2-[4*<me%lthio)-14 -biphenyl-2-yl]cyclohe • 

N-(cyanomethyl)-2-phenylcyclohexanecarboxaxnide; 

5,5'4icWoro-N<cyanoinethyl)-2-[4HinB%Ithio>lJ-biphen^ 
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NKcyanomethyl)-5^-difluoro-2-{ l-methyl-3-[4Kp^ 
yljcyclohexanecaiboxaniide; 

6-(2-bromophenyl>N-(cyanom&thyl)spiro[2.S]octane-S-caibox^ 

2K3-bromo-l-iiiethyl-lH-pyrazol-4-yl)-N-<cyanoinethyl)-5,5-(^ 
5 N-(cy anoinethyl)-6-[4*-(methylthio)- 1 » 1 -bipheny l-2-yl]spiro[2.5]octane-5-carboxamide; 

2-(2-bromophenyl)-5 ,5-(iichloro-N-(cy anomethyl)cyclohexanecarboxainide; 

2-<3-bromo-l-inethyl-lH-pyrazol-4-yl)-5,5-dichlOTo-N-(cyan^ 

N-(cyanomethyl)-2-{ (Z)-2-[4<mBthylthio)phenyl]ethenyl} 

cyclohexanecarboxamide; 
10 N-(cyaiiomethyl)-2-{2-[4-(methyltMo)phenyl]ethyl}cyclohexanecarto 

N<cyanomethyl)-2-{(25-2-[4-(inethylsiilfonyl)phen^^ cyclohexanecarboxamide; 

N<cyanomethyl>2-{244-(inethylsulfonyl)pheiiyl]ethyI} cyclohexanecarboxamide; 

N-(cyanomethyl)-2<(Z)-2-{4-[(trifluorDniethyl)tMo]phenyl}eth^ 

NKcyanomethyl)-2-{(E)-2-[4-(metbylsulfonyl)pbenyl]ethenyl} cyclohexanecarboxamide; 
15 N-(cyanomethyl)-2-(2-{4-[(trifIuoronietbyl)thio]phenyl}ethyl) cyclohexanecarboxamide; 

N-(cyanomethyl)-2-^fliynylcyclohexanecarboxamide; 

N-(cyanomethyl)-2-{ [4-(niethylthio)phenyl]ethynyl }cyclohexanecarboxamide; 

N-(cyanomethyI)-2-{ [4-(methylsulfonyl)phenyl]ethynyl } cyclohexanecarboxamide; 

N-<cyanomethyl)-2-<{4-[(trifluoromethyl)thio]phenyl }ethynyl) cyclohexanecarboxamide; 
20 N'<cyanomethyl)-2-<phenylethynyl)cyclohexanecarboxamide; 

2-[(4-bromophenyl)ethynyl]-N-(cyanomethyl)cyclohexanecarboxamide; 

2-(14-biphenyl-4-ylethynyl)-NKcyanomethyl)cyclohexanecarboxamide; 

N-(cyanomethyl)-2-{ [4*-(methylthio)-l,r*>biphenyl-4-yl]ethynyl} cyclohexanecarboxamide; 

N<cyanomethyl>2-[(3-fiuomphenyl)ethynyl]cyclohexanecarboxamide; 
25 2-[(3K:hlon)phenyl)ethyayl]-N-<cyanomethyI)cyclohexanecarboxanude; 

N-<cyanomethyl)-2-[(4-pyiidin-4-ylphenyl)ethynyl]cyclohexanecarboxam 

2-[(3-bromophenyl)ethynyl]-N-(cyanomethyl)cyclohexanecarboxamide; 

2'-(l,l-biphenyl-3-ylethynyl)-N-(cyanomethyI)cyclohexanecarboxamide; 

2-[(2-bromophenyl)ethynyl]-N-(cyanomethyl)cyclohexanecarboxamide; 
30 2-(l,r-biphenyl-2-ylethynyl)-N-(cyanomethyl)cyclohexauecarboxarDide; 

N-(cyanomethyl)-2-{ [4-(6-inethoxypyridin-2-yl)thien-3-yl]ethynyI } yclohexanecarboxamide; 

N-(cy anomethyl)-2-{ 4 -[(cy anomethyl)thiolbiphenyl-2-yl ) -5 ,5-difluorocyclohexanecarboxamide; 

2-{4-[(2-aniino-2K)Xoethyl)tMo]biphenyl-2"yl}*N-(cyanomediyl)-5,5-<lifluorw^ 

N-(cyanomethyl)-2-[4'-({ 2-[(cyanomethyl)amino]-2-oxoethyl }thio)biphenyl-2-yl]-5,5- 
35 difluorocyclohexanecarboxanoide; 
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NKcyanoinethyl)-5,5-diflucM:o-2-{44(2-pyridm-^^^^ 
NKcyanoinethyl)-5.5Kiffluoro-2-{4-[(pyri(im-2-ylm^ 
N-(cyanomethyl)-5,5^uoro-2-{4*-[(pyridin-3-yl2nethyl)^^ 
NKcyanomethyl)-5,5-difluoro-2-{4*-[(pyridm-4-yl^ 
5 2-{4*-[(lH-beiizmiidazol-2-ylmethyl)thio]biphe 
difluorocyclohexanecarboxamide; 
2-{44(lH-ben2dmidazol-6-ylinethyl)tMo]bipte 
difluorocyclohexanecarboxamide; 
NKcyanoiDethyl)-5,5Klifluoro-2-{4'-[(lH-iimdazol-4-yl^^ 
10 yl}cyclohexaiiecarboxaimde; 

N<cyanoinethyl>5,5-difluon>-2-{4-[(lH-iniidazol-^^^ 
yl}cyclohexanecarboxaniide; 

NKcyanoinethyl>5,5-difluoro-2-[4X{[HlH-iiiiida2X)W^^ 
yl]metiiyl}thio)biphenyl-2-yl]cyclohexanecarboxainide; 
15 N<cyanoniethyl)-5,5-difluoro-2-(4'-{[2KlH-iimdazol4-yl)^^ 
yl)cyclohexanecarboxamide; 

N<cyanomethyl>5,5Kiifluoro-2K4'-{[2<IH-iimdazol-2-^^^ 
yl)cyclohexanecarboxaiDide; 

N<cyanoinethyl)-5,5-difluoro-2-(4-{[(l-methylpiperidm-4-yl)^ 
20 yl)cyclohexanecaTboxaiDide; • 

NKcyanoine1hyl>5,5-difluoio-2-(4'-{ [2Kl-inethyl^^^ 
yl)cyclohexanecarboxa]nide; 

NKcyanomethyl)-5,5-difluoro-2-[2-fluoro-4Hinethyl^^ 
N-<cyanoinethyl>5.5Hiifluoia-2K4-{[(5-phenyl-lH-iinidaTO 
25 yl)cycIohexanecarboxaxmde; 

NKcyanomethyl)-5,5-<lifluoro-2-{4*4(2-pyridin-4-ylethyl)^^ 
NKcyanoiiiethyl)-5,5-4ifluoro-2-[4H{2-[(pyridin-2-ylsulfon^ 
yl]cyclohexanecarboxamide; 

N-<cyanomethyl)-5,5-difluoro-2<4'-{[2<(pyridin-2-ylsulfonyl){2-^ 
30 ylsulfonyl)ainino]ethyl }ainino)ethyl] thio }biphenyl-2-yl)cyclohexaiiecarboxaimde; 
NKcyanomethyl)-5^-<Muoro-2-{4-[(lH-tetra2ol-5-yliiae&^^ 
yl}cyclohexanecarboxaiiiide; 

2-{4-[(l-^anocyclopropyl)tMo]biphenyl-2-yl}-NKcyanomethyD^^ 
methyl l-{ [2'-(2-{ [(cyanomethyO^minolcaibonyl} A4-difluorocyclohexyl)hiphenyl-4^ 
35 yl]thio}cyclopropaiiecarboximidoate; 
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2-(4-{[2<lH-benanndazol-2-yl)ethylltMol 
diflaorocyclohexanecafboxaxmde; 
2-{4-[(lH-beiiziimdazol-7-ylnie%l)tMo]biphra^^ 
difluorocyclohexanecarboxamide; 
5 NK<7anomefhyl)-5,5-difluoro-2-[4H{2-[(inethylsu^^ 
yl]cyclohexanecarboxamide; 

N-(cyanoinethyI)-5,5-difluorch2-<4-{2-[(methylsiilfOT^^ 
yl)cyclohexanecarboxamide; 

and the phaimaceutically acceptable salts, stereoisomers and N-oxide derivatives thereof. 

10 Also included within the scope of the present invention is a pharmaceutical composition 

which is comprised of a compound of Fonnula I as described above and a pharmaceutically acceptable 
carrier. The invention is also conten^lated to encompass a pharmaceutical composition which is 
conyrised of a pharmaceutically acceptable carrier and any of the compounds specifically disclosed 'm 
the present application. These and other aspects of the invention will be apparent from the teachings 

15 contained herein. 

Utilities 

The compounds of the present invention are inhibitors of cathepsins and are therefore 
useful to treat or prevent cathepsin dependent diseases or conditions in mammals, preferably humans. 

20 Specifically, the compounds of the present invention are inhibitors of Cathepsin K and are therefore 

useful to treat or prevent Cathepsin K dependent diseases or conditions in mammals, preferably humans. 

"Cathepsin dependent diseases or conditions" refers to pathologic conditions that depend 
on the activity of one or more cathepsins. *'Cafliepsin K dependent diseases or conditions" refers to 
pathologic conditions that depend on the activity of Cathepsin K. Etiseases associated with Cathepsin K 

25 activities include osteoporosis, glucocorticoid induced osteoporosis, Paget's disease, abnormally 
increased bone turnover, periodontal disease, tooth loss, bone fractures, rheumatoid arthritis, 
osteoarthritis, periprosthetic osteolysis, osteogenesis imperfecta, atherosclerosis, obesity, chronic 
obstmctive puhnonary disease and cancer including metastatic bone disease, hypercalcemia of 
malignancy, and multiple myeloma. In treating such conditions with the instantly claimed conq)ounds, 

30 the required therapeutic amount will vary according to the specific disease and is readily ascertainable by 
those skilled in the art Although both treatment and prevention are contemplated by the scope of the 
invention, the treatment of these conditions is the preferred use. 

An embodiment of the invention is a method of inhibiting cathepsm activity in a 
mammal in need thereof, comprising administering to the mammal a therapeutically effective amount of 

35 any of the compounds or any of the pharmaceutical compositions described above. 
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A class of the einbodiment is the method wherein the cathepsin activity is cathepsin K 

activity. 

Another embodimi^t of the mvention is a method of treating or preventing cathepsin 
dependent conditions in a mafriTi^al in need thereof, con^rising administering to die mammal a 
5 therapeutically effective anoomit of any of the compounds or any of the pharmaceutical compositions 
described above. 

A class of the embodiment is the method wherein the cathepsin activity is cathepsin K 

activity. 

Another embodiment of the invention is a method of inhibiting bone loss in a mammal in 
10 need thereof, comprising administering to the TnamTnal a therapeutically effective amount of any of the 
compounds or any of the pharmaceutical con^sitions described above. Another embodunent of the 
invention is a method of reducing bone loss in a mammal in need thereof, conqmsing admmistering to 
the mammal a therapeutically effective amount of any of the compounds or any of the pharmaceutical 
compositions described above. The utility of cathepsin K inhibitors in the inhibition of bone resorption is 
15 known in the literature, see Stroup, G.B., Lark, M.W., Veber, DR, Bhattacharrya, A.. Blake, S., Dare, 
L.C., Bhard, KJ., HofEooan, S.J„ James, LB., Marquis, R.W., Ru, Y., Vasko-Moser, J.A., Smith, B.R., 
Tomaszek, T. and Gowen, M. Potent and selective inhibition of human cathepsin K leads to inhibition of 
bone resorption in vivo in a nonhuman primate. L Bone Miner. Res., 16: 173^-1746; 2001; and Votta, 
BJ., Levy, M.A., Badger, A., Dodds, R.A., James, LE., Thompson, S., Bossard, M.J., Carr, T., Connor, 
20 J.R., Tomaszek, T.A., Szewczuk, L., Drake, RH., Veber, D,, and Gowen, M. Peptide aldehyde inhibitors 
of cathepsin K inhibit bone resorption both in vivo and in vitro. J. Bone Miner. Res, 12:1396-1406; 
1997. 

Another embodiment of the invention is a method of treating or preventing osteoporosis 
in a mammal m need thereof, comprising administering to the mammal a therapeutically effective 

25 amount of any of the compounds or any of the above pharmaceutical con^ositions described above. The 
utility of cathepsin K inhibitors in the treatment or prevention of osteq>orosis is known in the literature, 
see Saftig, P., Hunziker, E., Wehmeyer, O., Jones, S., Boyde, A., Rommerskirch, W„ Moritz, J.D., Schu, 
P., and Vonfigura, K. In^aked osteoclast bone resorption leads to osteopetrosis in cathepsin K-deficient 
mice. Proc. Natl. Acad. Sci. USA 95:13453-13458; 1998. 

30 Another embodiment of the invention is a method of treating or preventing rheumatoid 

arthritic condition in a mammal in need thereof, comprising administering to the mammal a 
therapeutically effective amount of any of the compounds or any of the pharmaceutical compositions 
described above. It is known in the literature that progressive destruction of the periarticular bone is a 
major cause of joint dysfunction and disability in patients with rheumatoid arthritis (RA), see Goldring 

35 SR, " Pathogenesis of bone erosions in rheumatoid arthritis". Curr. Opin. Rheumatol. 2002; 14: 406-10. 
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Analysis of joint tissues from patients with RA have provided evidence that cathepsin K positive 
osteoclasts arc the cell types that mediate the focal bone resorption associated with rheumatoid synovial 
lesion, see Hou; W-S. U, W, Keyszer, G, Weber. E. Levy, R, Klein, MJ, Gravallese. EM, Goldring, SR, 
Bromme. D. Xonq^arison of Cathepsin K and S expression within the Rheumatoid and Osteoarthritic 

5 Synovium^ Arthritis Rheumatism 2002; 46: 663-74. In addition, generalized bone loss is a major cause 
of morbidity associated with severe RA. The frequency of hip and spmal fractures is substantially 
mcreased m patients with chronic RA, see Gould A, Sambrook, P, Devlm J et al, " Osteoclastic 
activation is the principal mechanism leading to secondary osteoporosis in rheumatoid arthritis". J. 
Rheumatol 1998; 25: 1282-9. The utility of cathepsin K inhibitors in the treatment or prevention of 

10 resorption in subarticular bone and of generalized bone loss represent a rational approach for 
pharmacological intervention on the progression of rheumatoid arthritis. 

Another enibodiment of the invention is a method of treatmg or preventing the 
progression of osteoarthritis in a mammal m need thereof, conqaismg administering to the mammal a 
tiierapeutically effective amount of any of the confounds or any of the pharmaceutical conq)Ositions 

15 described above. It is known in the literature that osteoarthritis (OA) is accompanied with well-defined 
changes in the jomts, including erosion of the articular cartilage surface, peri-articular endochondral 
ossification/ osteophytosis, and subchondral bony sclerosis and cyst formation, see Oettmeier R, 
Abendroth,.K, " Osteoarthritis and bone: osteologic types of osteoarthritis of the hip". Skeletal Radiol. 
1989; 18: 165-74. Recently, the potential contribution of subchondral bone sclerosis to the initiation and 

20 progression of OA have been suggested. Stiffened subchondral bone as the joint responding to repetitive 
impulsive loading, is less able to attenuate and distribute forces through the joint, subjecting it to greater 
mechanical stress across the articular cartilage surface. This in torn accelerates cartilage wear and 
fibriUate, see Radin, EL and Rose RM, " Role of subchondral bone m the initiation and progression of 
cartilage damage", Clin. Orthop. 1986; 213: 34-40. Inhibition of excessive subarticular bone resorption 

25 by an anti-resorptive agent such as a cathepsin K mhibitor, will lead to inhibition of subchondral bone 
turnover, thus may have a favorable impact on OA progression. 

In addition to the above hypothesis, cathepsin K protem expression was recently 
identified m synovial fibroblasts, macrophage-like cells, and chondrocytes firom synovium and articular 
cartilage specimens derived fit)m OA patients, see Hou, W-S, li, W, Keyszer, G, Weber, E, Levy, R, 

30 Klem, MJ, Gravallese, EM, Goldring, SR, Bromme, D, "Comparison of Cathepsin K and S expression 
within the Rheumatoid and Osteoarthritic Synovium", Arthritis Rheumatism !2002; 46: 663-74; and 
Dodd, RA, Connor, JR, Drake, FH, Gowen, M, '^Expression of Cathepsin K messenger RNA in giant 
cells and their precursors in human osteoarthritic synovial tissues". Arthritis Rheumatism 1999; 42: 
1588-93; and Konttinen, YT, Mandelin, J, Li, T-F, Salo, J, Lassus, J et al. "Acidic cysteine 

35 endoproteinase cathepsin K in the degeneration of the superficial articular hyaline cartilage in 
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osteoartbiitis'*. Arthritis Rheumatism 2002; 46: 953-60. These lecent studies 'thus implicated the role of 
cathepsin K ia the destruction of collagen type n in the articular cartilage associated with the progression 
of osteoarthritis. The utility of cathepsin K inhibitors in the treatment or prevmtion of osteoarthritis as 
described in this invention thus comprise of two different mechanisms, one is on the inhibition of 
S osteoclast-driven subchondral bone turnover, and two is on the durect inhibition of collagen type n 
degeneration in the synovium and cartilage of patients with OA. 

Another embodiment of the invention is a method of treating cancer in a mammal in 
need thereof, conq)rising administering to the mammal a therapeutically effective amount of any of the 
compounds or any of the pharmaceutical compositions described above. It is known in the literature that 

10 cathepsin K is expressed in human breast carcinoma, prostate cancer and chordoma and has matrix 

degrading capabilities, see Litdewood-Evans AJ, Bilbe G, Bowler WB, Farley D, Wlodarski B, Kokubo 
T, Inaoka T, Sloane J, Evans DB, Gallagher JA, 'The osteoclast-associated protease cathepsin K is 
expressed in human breast carcinoma." Cancer Res 1997 Dec l;S7(23):S386-90, . Brubaker KD, Vessella 
RL, True LD, Thomas R, Corey E *'Cathepsm K mRNA and proteui expressioa in prostate cancer 

IS progression." J Bone Miner Res 2003 18, 222-30, Haeckel C, Exueger S, Kuest^ D, Ostertag H, Samii 
M, Buehling F, Broemme D, Czemiak B, Roessner A. "Expression of cathepsin K in chordoma." Hum 
Pathol 2000 Jul;31(7):834^0. 

Another embodiment of the mvention is a method of treating atherosclerosis in a 
mammal in need thereof, conqnising admmistering to the mammal a therapeutically effective amount of 

20 any of the compounds or any of the pharmaceutical compositions described above. It is known in the 
literature that cathepsin K is expressed in human atheroma and has significant elastase activity, see 
Sukhova OK, Shi GP, Simon DI, Chapman HA, Libby P. 'Expression of the elastolytic cathepsins S and 
K in human atheroma and regulation of their production in smooth muscle cells." J Clin Invest 1998 Aug 
102, 576-83. 

25 Another embodiment of the invention is a method of treating obesity in a mammal in 

need thereof, conqjrising administering to the mammal a therapeutically effective amoimt of any of the 
compounds or any of the pharmaceutical compositions described above. It is known m the literature that 
cathepsin K mRNA is increased in adipose tissue in several mouse models of obesity and also in adipose 
tissue of obese human males, see Chiellini C, Costa M, Novelli SE, Amri EZ, Benzi L, Bertacca A, • 

30 Cohen P, Del Prato S, Friedman JM, Maffei M. "Identification of cathepsin K as a novel marker of 
adiposity in white adipose tissue." J Cell Physiol 2003, 195, 309-21. 

Another embodiment of the invention is a method of treating chronic obstructive 
pulmonary disease in a mammal in need thereof, comprising administering to the mammal a 
therapeutically effective amount of any of the compoimds or any of the pharmaceutical compositions 
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described above. It is known in the literature that cathepsin K plays a role in lung fibrosis, see Buhling, 
R, et aL, 'Tivotal role of cathepsin K in lung fibrosis." Am J Pathol. 2004 Jun;164(6):2203-16. 

Another embodiment of the invention is a method of treating parasitic mfections in a 
mammal in need thereof, comprising administering to the mammal a therapeutically effective amount of 

5 any of the conq)Ounds or any of &e pharmaceutical compositions described above. It is known in the 
literature that mammalian cathepsins are related to the papain-like cysteine proteases which play an 
important role in the life cycle of these parasites. Such parasites are involved m the diseases of malaria, 
American trypanosomiasis, African trypanosomiasis, leishmaniasis, giardiasis, trichomoniasis, 
amoebiasis, schistosomiasis, fascioliasis, paragonimiasis and intestinal roundworms, see Lecaille F, 

10 Kaleta J, Bromme D., Human and parasitic papain-like cysteine proteases: their role in physiology and 
pathology and recent developments in inhibitor design. Chem Rev 2002 102, 4459-88. 

Another embodhnent of the invention is a method of treating severe acute respiratory 
syndrome (SARS) in a mammal in need thereof, can?)rismg administering to ihe mammal a 
therapeutically effective amount of any of the confounds or any of the pharmaceutical compositions 

15 described above. 

Anoflier embodiment of the invraition is a method of treating metastatic bone disease m a 
mammal in need thereof, comprising administering to the mammal a therapeutically effective amount of 
any of the con^unds or any pf the pharmaceutical compositions described above. It is known in the 
literature that osteoclasts are responsible for bone resorption and that bone destruction and 

20 hypercalcemia induced by metastatic tumors are carried out by osteoclasts. Accordingly, the inhibition 
of osteoclasts can prevent bone destruction and bone metastasis, see Miyamoto, T. and Suda, T., 
'^Differentiation and function of osteoclasts," Keio J Med 2003 Mar,52(l):l-7. 

Another embodiment of the inventian is adnunistering to a mammal a thwapeutically 
effective amount of any of the compounds or any of the pharmaceutical compositions described above 

25 for the treatment of mammalian diseases associated with cathepsin S including Alzheuner's disease, 
atherosclerosis, chronic obstructive pulmonary disease, cancer and certain autoimmune disorders, 
including, but not limited to juvenile onset diabetes, multiple sclerosis, pemphigus vulgaris. Graves' 
disease, myasthenia gravis, systemic lupus erythemotasus, rheumatoid arthritis and Hashimoto's 
thyroiditis; allergic disorders, including, but not limited to asthma; and allogenic immune responses, 

30 including, but not limited to, rejection of organ transplants or tissue grafts. It is known in the literature 
that cathepsin S activity is associated with the above disease states, see Munger JS, Haass C, Lemere 
CA, Shi GP, Wong WS, Teplow DB, Selkoe DJ, Chapman HA. Lysosomal processing of amyloid 
precm^or protein to A beta peptides: a distinct role for cathepsin S. Biochem J 1995 311, 299-305, 
Sukhova GK, Zhang Y, Pan JH, Wada Y, Yamamoto T, Naito M. Kodama T, Tsunikas S, Witztum JL, 

35 Lu ML, Sakara Y, Chin MT, Libby P, Shi GP. Deficiency of cathepsm S reduces atherosclerosis in LDL 
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leceptor-deficient mice. J Clin iivest 2003 111, 897-906, Zhraig T, Zhu Z, Wang Z, Homer RJ, Ma B, 
Riese RJ Jr, Chapman HA Jr, Sh^iio SD. Bias lA. Inducible targeting of IH3 to the adult lung causes 
matrix metalloproteinase- and cathepsin-dependent eiiq)byseina. J Clin Invest 2000 106,1081-93, Shi GP, 
SuHiova GK, Kuzuya M, Ye Q, IXi J, Zhang Y, Pan JH. Lu ML, Cheng XW, Ig^^ 

5 AM, Chapman HA, Libby P. Deficiency of the cysteme protease cathepsin S impaks microvessel 

growth. Circ Res 2003 92, 493-500, Nakagawa TY, Brissette WH, Lira PD, Griffiths RJ, Petrushova N, 
Stock J, McNeish JD, Eastman SE, Howard ED, Qarke SR, Rosloniec EF, Elliott EA, Rudensky AY. 
Impaired invariant chain degradation and antigen presentation and diminished coUagen-iaduced arthritis 
in cathepsin S null mice. Immunity 1999 10,207-17. 

10 Exemplifying the invention is the use of any of the coiiq)Ounds described above in the 

preparation of a medicament for the treatment and/or prevention of osteoporosis in a mamm a l in need 
thereof. Still further exemplifying the invention is the use of any of the conqpounds described above in 
the preparation of a medicament for the treatment and/or prevention of: bone loss, bone resorption, bone 
fractures, metastatic bone disease and/or disorders related to cathepsin functioning. 

IS The compounds of this invention may be administered to mammals, preferably humans, 

eidier alone or, preferably, m comhmation with pharmaceutically acceptable carriers or diluents, 
optionally with known adjuvants, such as alum, in a pharmaceutical composition, according to standard 
pharmaceutical practice. The compounds can be administered orally or parenterally, including the 
intravenous, intramuscular, intraperitoneal, subcutaneous, rectal and topical routes of administration. 

20 In the case of tablets for oral use, carriers which are commonly used include lactose and 

com starch, and lubricating agents, such as magnesium stearate, are commonly added. For oral 
administration in capsule form, useful diluents include lactose and dried com starch. For oral use of a 
therapeutic compound according to this invention, the selected compound may be administ^ied, for 
exanq)le, in the form of tablets or capsides, or as an aqueous solution or suspension. For oral 

25 admmistration in the form of a tablet or capsule, the active drug conqponent can be combined with an 
oral, non-toxic, pharmaceutically acceptable, inert parrier such as lactose, starch, sucrose, glucose, 
methyl cellulose, magnesium stearate, dicalcium phosphate, calcium sulfate, mannitol, sorbitol and the 
like; for oral administration in liquid fonn, the oral drug conq»onents can be combined with any oral, 
non-toxic, pharmaceutically accq)table inert carrier such as ethanol, glycerol, water and the like. 

30 Nforeover, when desired or necessary, suitable binders, lubricants, dismtegrating agents and coloring 
agents can also be incorporated into the mixture. Suitable binders include starch, gelatin, natural sugars 
such as glucose or beta-lactose, com sweeteners, natural and synthetic gums such as acacia, tragacanth or 
sodium alginate, carboxymethylcellulose, polyethylene glycol, waxes and the like. Lubricants used in 
these dosage forms include sodium oleate, sodium stearate, magnesium stearate, sodium benzoate, 

35 sodium acetate, sodium chloride and the like. Disintegrators include, without limitation, starch, methyl 
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cellulose, agar, bentonite, xanthan gum and the like. When aqueous suspensions are tequired for oral 
use. the active ingredient is coidbined with emulsifying and suspending agents. If desired, certain 
sweetening and/or flavoring agents may be added. For intramuscular, intraperitoneal, subcutaneous and 
intravenous use, sterile solutions of the active ingredient are usually prepared, and the pH of the 

5 solutions should be suitably adjusted and buffered. For intravenous use, the total concentration of 
solutes should be controlled in order to render the preparation isotonic. 

The compounds of the present invention can also be administered in the form of 
liposome delivery systems, such as small unilamellar vesicles, large unilamellar vesicles and 
multilamellar vesicles. Liposomes can be formed from a variety of phospholipids, such as cholesterol, 

10 stearylamine or phosphatidylcholines. 

Compounds of the present invention may also be delivered by the use of monoclonal 
antibodies as individual carries to which the conq>ound molecules are coupled. The con:^unds of the 
present invention may also be coupled with soluble polymers as targetable drug carriers. Such polymers 
can include polyvinylpyrrolidone, pyran copolymer, polyhydroxypropylmethacrylamide-phenol, 

15 polyhydroxy-ethylaspartamide-phenol, or polyethyleneoxide-polylysine substituted with palmitoyl 
residues. Furthermoie, the compounds of the present invention may be coupled to a class of 
biodegradable polymers useful in achieving controlled release of a drug, for example, polylactic acid, 
polyglycolic acid, copolymers of polyactic and polyglycolic acid, polyepsilon caprolactone, polyhydroxy 
butyric acid, polyorthoesters, polyacetals, polydihydropyrans, polycyanoacrylates and crosslmked or 

20 anqphipathic block copolymers of hydrogels. 

The instant compounds are also useful in combination with known agents useful for 
treating or preventing osteoporosis, glucocorticoid induced osteoporosis, Paget' s disease, abnormally 
increased bone turnover, periodontal disease, tooth loss, bone fractures, rheumatoid arthritis, 
osteoarthritis, periprosthetic osteolysis, osteogenesis inq)erfecta, metastatic bone disease, hypercalcemia 

25 of malignancy, and multiple myeloma. Combinations of the presently disclosed compounds with other 
agents useful in treating or preventing osteoporosis or other bone disorders are within the scope of the 
invention. A person of ordinary skill in the art would be able to discern which combinations of agents 
would be useful based on the particular characteristics of the drags and the disease involved. Such 
ag^its include the following: an ootganic bisphosphonate; an estrogen receptor modulator, an androgen 

30 receptor modulator; an inhibitor of osteoclast proton ATPase; an inhibitor of HMG-CoA reductase; an 
integrin receptor antagonist; an osteoblast anabolic agent, such as FTH; a Nonsteroidal anti- 
inflammatory drug; a selective cyclooxygenase-2 inhibitor, an inhibitor of interleukin-1 beta; a 
LOX/COX inhibitor; and the pharmaceutically acceptable salts and mixtures thereof. A preferred 
combination is a compound of the present invention and an organic bisphosphonate. Another preferred 

35 combination is a compound of the present invention and an estrogen receptor modulator. Another 
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piefeired combination is a compound of the present invention and an androgen receptor modulator. 
Another preferred combination is a compound of the present mvention and an osteoblast anabolic agent 
"Organic bisphosphonate'* includes, but is not limited to, compounds of the chemical 

formula 

PO3H2 

I 

A-(CH2VC-X 

PO3H2 . 

5 

wherein n is an integer from 0 to 7 and wherem A and X are mdependently selected from the group 
consisting of H, OH, halogen, NH2, SH, phraiyl, C1-C30 alkyl, C3-C30 branched or cycloalkyl, bicyclic 
ling structure contammg two or three N, C1-C30 substituted aUgrl, Ci-Cio allg^l substituted NH2, C3- 
10 Cio branched or cycloallqfl substituted NH2, Ci-Cio dialkyl substituted NH2, Ci-Cio alkoxy, Ci-Cio 
allcyl substituted tiiio, thiqphrayl, halophrayltiiio, Ci-Cio allgrl substituted phenyl, pyridyl. furanyl, 
pyrrolidinyU imidazolyl, imidazopyridinyl, and benzyl, such that both A and X are not selected from H or 
OH wh^ n is 0; or A and X are taken togetiier with tiie carbon atom or atoms to which they are attached 
to form a C3-C10 ring. 

15 In the foregoing chemical fonnula, the alkyl groups can be straight, branched, or cyclic, 

provided sufficient atoms are selected for the chemical formula. The C1-C30 substituted alkyl can 

include a wide variety of substituents, nonUmiting examples which include those selected from the group 

consisting of phenyl, pyridyl, furanyl, pyrrolidinyl, imidazonyl, NH2, Ci-Cio alkyl or dialkyl substituted 

NH2, OH, SH, and Ci-Cio alkoxy. 
20 The foregoing chemical formula is also intended to enconq>ass complex carbocyclic, 

aromatic and hetero atom structures for the A and/or X substituents, nonlimiting exanq)les of which 

include naphthyl, quinolyl, isoquinolyl, adamantyl, and chlorophenylthio. 

Pharmaceutically acceptable salts and derivatives of the bisphosphonates are also usefid 

herein. Non-limiting examples of salts include those selected from the group consisting alkali metal, 
25 alkaline metal, ammonium, and mono-, di-, tri-, or tetra- Ci-Cio -alkyl-substituted ammonium. Preferred 

salts are those selected from the group consisting of sodium, potassium, calcium, magnesium, and 
anunonium salts. More preferred are sodium salts. Non-limitingexamplesof derivatives include those 
selected from the group consisting of esters, hydrates, and amides. 

It should be noted that the terms "bisphosphonate" and "bisphosphonates", as used 
30 herein in referring to the therapeutic agents of the present mvention are meant to also encompass 
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diphosphonates, biphosphomc acids, and diphosphonic acids, as well as salts and derivatives of these 
materials. The use of a specific nomenclature in referring to the bisphosphonate or bisphosphonates is 
not meant to limit the scope of the present invention, unless specifically indicated. Because of the mixed 
nomenclatuxe cuxxently in use by those of ordinary skill in the art, reference to a specific weight or 
5 percentage of a bisphosphonate compound in the present invention is on an acid active weight basis, 
unless indicated otherwise herein. Fdr example, the phrase "about 5 ing of a bone resorption inhibiting 
bisphosphonate selected from the group consistitag of alendronate, phannaceutically acceptable salts 
thereof, and mixtures thereof, on an alendronic acid active weight basis" means that the amount of the 
bisphosphonate compound selected is calculated based on 5 mg of alendronic acid. 
10 Non-limiting examples of bisphosphonates useful herein include the following: 

Alendronate, which is also known as alendronic acid, 4-ajnino-l-hydroxybutylidene-l,l- 
bisphosphonic acid, alendronate sodium or alendronate monosodium trihydrate, 4-amino-l- 
hydroxybutyliden&-l,l-bi5phosphonic acid monosodium trihydrate. 

Alendronate is described in U.S. Patents 4.922,007, to Kieczykowski 
15 et fl/., issued May 1, 1990; 5,019.651, to Kieczykowski et aL, issued May 28, 1991; 5,510,517, to Dauer 
et fl/., issued April 23, 1996; 5,648,491, to Dauer et al., issued July 15, 1997, all of which are 
mcoiporated by reference h^in in their entirety. 

Cycloheptylaminomethylene-l,l-bisphosphonic acid, YM 175, Yamanouchi 
(incadronate, formerly known as cimadronate), as described in U.S. Patent 4,970,335, to Isomura et al., 
20 issued November 13, 1990, which is incorporated by reference herein in its entirety. 

l,l-dichloromethylene-l,l-diphosphonic acid (clodronic acid), and the disodium salt 
(clodronate, Procter and Gamble), are described in Belgium Patent 672,205 (1966) and /, Org, Chem 32, 
4111 (1967), both of which are incorporated by reference herein in their ratirety. 

l-hydroxy-3-(l-pyrrolidinyl)-propylidene-l,l-bisphosphonic acid (EB-1053). 
25 l-hydroxyetfaane-l,l-diphosphonic acid (eddronic acid). 

l-hydroxyO-(N-methyl-N--pen1ylaimno)propylidene-l,l--bisphosphonic acid, also known 
as BM-210955, Boehringer-Mannheim (ibandronate), is described m U.S. Patent No. 4,927,814, issued 
May 22, 1990, which is incorporated by reference herem in its entirety. 

14iydroxy-2-iiaidazo-(l,2-a)pyridin--3-yethylidene (minodronate). 
30 6-amino-l-hydroxyhexylidene-l,l-bisphosphonic acid (neridronate). 

3-(dimethylamino)-l-hydroxypropylidene-l,l-bisphosphonic acid (olpadronate). 

3-amino-l"hydroxypropylidene-l,l-bisphosphonic acid (panndronate). 

[2-(2-pyridinyl)ethylidene]-l,l-bisphosphonic acid (piridronate) is described in U.S. 
Patent No. 4,761,406, which is incorporated by reference in its entirety. 
35 l-hydroxy-2-(3-pyridinyl)-ethylidene-l,l-bisphosphonic add (risedronate). 
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(4K:hlorophenyI)thiomethane-l,l-disphosphonic acid (dludronate) as described in U.S. 
Patent 4,876,248» to Brelieie et al., October 24, 1989, which is incorpoiated by reference herein in its 
entirety. 

l-hydroxy-2-(lH-iinidazol-l-yl)ethyfidene-l,l-bispbosphomc acid (zoledronate). 
S Nonlimiting exan^les of bisphosphonates include alendronate^ cimadronate, clodionate, 

etidronate, ibandronate, incadronate, nnnodronate, neridronate, olpadronate, pamidronate, piridronate, 
lisedronate, tiiudronate, and zolendronate, and phannaceutically acceptable salts and esters thereof. A 
particularly preferred bisphosphonate is alendronate, especially a sodium, potassium, calcium, 
magnesium or ammoniiun salt of alendronic acid. Exemplifying the preferred bisphosphonate is a 
10 sodium salt of alendronic acid, especially a hydrated sodium salt of alendronic acid. The salt can be 
hydrated with a whole number of moles of water or non whole numbers of moles of water. Further 
exemplifying the prefmed bisphosphonate is a hydrated sodium salt of alendronic acid, especially when 
the hydrated salt is alendronate monosodium trihydrate. 

It is recognized that mixtures of two or more of the bisphosphonate actives can be 

15 utilized. 

The precise dosage of the organic bisphosphonate will vary with the dosing schedule, the 
particular bisphosphonate chosen, the age, size, sex and condition of the mammal or human, the nature 
and severity of the disorder to be treated, and other relevant medical and physical factors. Thus, a 
precise phannaceutically effective amount caimot be specified in advance and can be readily determined 

20 by the caregiver or clinician. Appropriate amounts can be determined by routine experimentation from 
animal models and human clinical studies. Generally, an appropriate amount of bisphosphonate is 
chosen to obtain a bone resorption inhibiting effect, i.e. a bone resorption inhibiting amoimt of the 
bisphosphonate is administered. For humans, an effective oral dose of bisphosphonate is typically from 
about l.S to about 6.000 iig/kg body weight and preferably about 10 to about 2000 ^g^g of body weight. 

25 For alendronate monosodium trihydrate, common human doses which are administered are gently in 
the range of about 2 mg/dsy to about 40 r^g/day, preferably about 5 mg/day to about 40 mg/day. In the 
U.S. presently approved dosages for alendronate monosodium trihydrate are 5 mg/day for preventing 
osteoporosis, 10 mg/day for treating osteoporosis, and 40 mg/day for treating Paget's disease. 

In altonative dosmg regimens, the bisphosphonate can be administered at mtervals oth^ 

30 than daily, for example once-weekly dosing, twice-weekly dosing, biweekly dosing, and twice-monthly 
dosing. In a once weekly dosing regimen, alendronate monosodium trihydrate would be administered at 
dosages of 35 rng/week or 70 mg/week. 

"Selective estrogen receptor modulators" refers to compounds which interfere or inhibit 
the binding of estrogen to the receptor, regardless of mechanisnt Examples of estrogen receptor 

35 modulators include, but are not limited to, estrogen, progestogen, estradiol, droloxifene, raloxifene. 
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lasofoxifene, TS&424, tamoxifen, idoxifene. LY353381, LY117081, toiemifene, fulvestrant. 4-[7-(2.2- 
dime%l-lK>xopn>poxy-4-methyl-2-[4-t2Kl-pipe^ 

2,2-diinethylpropanoate, 4,4'-dihydroxybenzophenone-2,4-dimtn)phenyl-^^ and SH646. 

An "estrogen receptor beta modulator'* is a compound that selectively agonizes or 
5 antagonizes estrogen receptor beta (ERQ Agonizing ERD increases transcription of the tryptophan 
hydroxylase gene (TPH, the key enzyme in serotonin synthesis) via an ERD mediated event. Examples 
of estrogen receptor beta agonists can be found m PCX International publication WO 01/82923, which 
pubUshed on November 08, 2001, and WO 02/41835, which published on May 20. 2002, both of which 
are hereby incoiporated by reference in their entirety. 

10 "Androgen receptor modulators'* refers to compounds which 

interfere or inhibit the binding of androgens to the receptor, regardless of mechanism Exanq)les of 
androgen receptor modulators include finasteride and other Sa-ieductase inhibitors, nilutamide, 
flutamide, bicalutamide, liarozole, and abirat^one acetate. 

"An inhibitor of osteoclast proton ATPase" refers to an inhibitor of the proton ATPase, 

15 which is found on the apical membrane of the osteoclast, and has been reported to play a significant role 
in die bone resorption process. This proton pump represents an attractive target for the design of 
inhibitors of bone resorption which are potentially useful for the treatment and prevention of 
osteoporosis and related metabolic diseases. See C. Farina et al., "Selective inhibitors of the osteoclast 
vacuolar proton ATPase as novel bone antiresoiptive agents," DDT, 4: 163-172 (1999)), which is hereby 

20 incoiporated by reference in its entirety. 

"HMG-CoA reductase inhibitors" refers to inhibitors of 3-hydroxy-3-methylglutaryl- 
CoA reductase. Con5)ounds which have inhibitory activity for HMG-CoA reductase can be readily 
identified by using assays well-known in the art For example, see the assays described or cited in U.S. 
Patent 4,23 1,938 at col. 6, and WO 84/0213 1 at pp. 30-33. The terms 'miG-CoA reductase inhibitor"* 

25 and "inhibitor of HMG-CoA reductase" have the same meaning when used herem. 

Examples of HMG-CoA reductase inhibitors that may be used include but are not limited 
to lovastatin (MEVACOR®; see U.S. Patent Nos. 4,231,938, 4,294,926 and 4,319.039), sunvastatin 
(ZOCOR®; see U.S. Patent Nos. 4,444,784, 4,820,850 and 4,916,239), pravastatin (PRAVACHOL®; 
see US. Patent Nos. 4,346,227, 4.537,859, 4,410,629, 5,030,447 and 5,180,589), fluvastatin 

30 (LESCOL®; see U.S. Patent Nos. 5,354,772, 4,911,165, 4,929,437, 5,189,164, 5,118,853, 5,290,946 and 
5,356,896), atorvastatin (LIPITOR®; see U.S. Patent Nos. 5,273,995, 4,681,893, 5,489,691 and 
5,342,952) and cerivastatm (also known as rivastatin and BAYCHOL®; see US Patent No. 5,177,080). 
The structural formulas of these and additional HMG-CoA reductase inhibitors that may be used in the 
instant methods are described at page 87 of M. Yalpani, "Cholesterol Lowering Drugs", Chemistry & 

35 Industry, pp. 85-89 (5 February 1996) and US Patent Nos. 4,782,084 and 4,885,3 14. The term HMG- 
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CoA reductase inhibitor as used herein includes aU phannaceuticaUy acceptable lactone and open-acid 
forms (i.e., where the lactone ring is opened to form the ftee acid) as weU as salt and ester forms of 
compounds which have HMG-CoA reductase inhibitory activity, and therefor the use of such salts, 
esters, open-acid and lactone forms is uxcluded witWn the scope of this invention. An illustration of the 
lactone portion and its corresponding open-acid form is shown below as structures I and H. 



Lactone Open-Acid 

I n 

Tn HMG-CoA reductase inhibitors where an open-acid fram can exist, salt and ester 

10 forms may preferably be formed from the open-acid, and aU such forms are included within the meanmg 
of the term "HMG-CoA reductase inhibitor^ as used herein. Preferably, the HMG-CoA reductase 
inhibttor is selected from lovastatin and simvastatin, and most preferably simvastatin. Herein, the term 
"pharmaceutically acceptable salts" with respect to the HMG-CoA reductase mhibitor shall mean non- 
toxic salts of the compounds rarployed in tihis inveaition which are generally prepared by reacting the 

15 ftee acid with a suitable organic or morganic base, particularly those formed from cations such as 

sodium, potassium, aluminum, calcium, lithium, magnesium, zinc and tetramethylammonium, as well as 
those salts formed from amines such as ammonia, ethylenediamme. N-methylglucamine. lysine, arginine. 
ornithine. choUne, N,N'-dibenzylethylenediamine, chloroprocaine. diethanolamine. procaine. N- 
benzylphenethylanrine, l-p-chlorobenzyl-l-pyrroUdine-l'-yl-methylbenz-imidazole. diethylamine, 

20 piperazdne, and tris(hydroxymethyl) annnomeAane. Ftirth» exanq)les oif salt forms of HMG-CoA 

reductase inhiWtors may mclude, but are not limited to, acetate, benzenesulfonate, benzoate, bicarbonate, 
bisulfate, bitartrate, borate, bromide, calcium edetate, camsylate, carbonate, chloride, clavulanate. citrate, 
dilqrdrochloride. edetate, edisylate, estdate, esylate, fiimarate. gjucqptate, gjuconate, glutamate, 
glycollylarsanilate, hexykesorcinate, hydrabamuie, hydrobromide, hydrochloride, hydroxynapthoate. 

25 iodide, isothionate, hictate, lactobionate, laurate, malate, maleate, mandelate, mesylate, methylsulfate, 
mncate, napsylate, nitrate, oleate, oxahite, pamaote, pahnitate, panthothenate, phosphate/diphosphate. 
polygalacturonate, salicylate, stearate. subacetate, succmate, tannate, tartrate, teoclate, tosylate, 
triethiodide, and valoate. 
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Ester derivatives of the described HMO-€qA reductase inhibitor co]2q)oiiiid5 may act as 
prodrugs which, when absorbed into the bloodstream of a waim-blooded aniinal, may cleave in such a 
manner as to release the drug form and permit the drug to afford inq)roved thmpeutic efGcacy. 

As used above, "integrin receptor antagonists" refers to coiiq>ounds which selectively 
5 antagonize, inhibit or counteract binding of a physiological ligand to the OyOS integrin, to compounds 

which selectively antagonize, inhibit or counteract binding of a physiological ligand to the DvDS 
integrin, to compounds which antagonize, inhibit or counteract binding of a physiological ligand to both 
the □v03 integrin and the DyDs integrin, and to compounds which antagonize, inhibit or counteract the 

activity of the particular integrin(s) expressed on capillary endothelial cells. The term also refers to 
10 antagonists of the UyUe. DvDS. ^l^h □2Dl» DsOl* 0601 and 0604 integrins. The term also refers 
to antagonists ofany combination of OvD3. □vOS.DvOe* OyOg. ^l^h ^S^h ^6^1 and 

□604 integrins. H.N. Lode and coworkers in PNAS USA 96: 1591-1596 (1999) have observed 

synergistic effects between an antiangiogenic □ v integrin antagonist and a tumor-specific antibody- 
cytoldne (interieuIdn-2) fusion protein in die eradication of spontaneous tumor metastases. Theu: results 
IS suggested this combination as having potential for the treatment of cancer and metastatic tumor growth. 
avP3 integrin receptor antagonists inhibit bone resorption through a new mechanism distinct from that of 

all currently available drugs. Integrins are heterodimeric transmembrane adhesion receptors that mediate 
cell-cell and cell-matrix interactions. The a and P integrin subunits interact non-covalently and bind 
extracellular matrix ligands in a divalent cation-dependent manner. The most abundant integrin on 

20 osteoclasts is ayPs (>10%steoclast), which appears to play a rate-limiting role in cytoskeletal 

organization important for cell migration and polarization. The ayPs antagonizing effect is selected 
from inhibition of bone resorption, inhibition of restenosis, inhibition of macular degeneration, inhibition 
of arthritis, and inhibition of cancer and metastatic growth. 

*'An osteoblast anabolic agent'* refers to agents that build bone, such as PTH. The 

25 intmnittent administration of parathyroid hormone (PTH) or its amino-terminal fragments and analogues 
have been shown to prevent, arrest, partially reverse bone loss and stimulate bone formation in animals 
and humans. For a discussion refer to D.W. Denq)ster et al., "Anabolic actions of parathyroid hormone 
on bone," Endocr Rev 14: 690-709 (1993). Studies have demonstrated the clinical benefits of 
parathyroid hormone in stimulating bone formation and thereby increasing bone mass and strength. 

30 Results were reported by RM Neer et al., in New Eng J Med 344 1434-1441 (2001). 

In addition, parathyroid hormone-related protein fi^gments or analogues, such as PTHrP- 
(1-36) have demonstrated potent anticalciuric effects [see M.A. Syed et al., "Parathyroid hormone- 
related protein-(l-36) stimulates renal tubular calcium reabsorption in normal human volunteers: 
inqilications for the pathogenesis of humoral hypercalcemia of malignancy," JCEM 86: 1525-1531 

35 (2001)] and may also have potential as anabolic agents for treating osteoporosis. 



-24- 



wo 2005/000800 



PCT/CA2004/000948 



'*Noiisteroidal anti-mflaimnatoiy drugs" or NSAIDs» inhibit the metabolism of 
arachidooic acid to proinflammatory prostaglandins via cyclooxygenase (C0X)-1 and COX-2. 
Nonlimiting examples of NSAIDs include: aspirin, ibiq)rofi^, naproxen, diclofimac, etodolac, 
fenoporfen, flubiprofen, indomethacin, ketoprofen, ketorolac, meloxicam, nabumetone, oxaprozin, 
5 piioxicam, sulindac, tolmetin, diflunisal, meclofenanoate and phenylbutazone. 

A "selective cyclooxygenase-2 inhibitor /' or COX-2 inhibitor, refers to a type of 
nonsteroida l flnH-inflflmma torv drug (NSAID). that inhibit the COX-2 coenzyme, which contributes to 
pain and inflammation in the body. Nonlimiting examples of COX-2 inhibitos include: celecoxib, 
etoiicoxib, parecoxib, rofecoxib, valdecoxib and lumiracoxib. 
10 An "inhibitor of interleukin-1 beta" or IL-1 □ refers to in inhibitors of IL-1, which is a 

soluble factor produced by monocytes, macrophages, and other cells which activates T-lymphocytes and 
potentiates their response to mitogens or antig^. Nonlimiting exanqples of IL-IB inhibitors include 
diacerein and rhein. 

A "LOX/COX mhibitor" refers to 9n inhibitor or all three of the major enzymes involved 

IS in arachidonic acid pathway - namely, 5-LOX, COX-1 and COX-2. A nonlimitmg exanq)le of a 
LOX/COX inhibitor is licofelone. 

If formulated as a fixed dose, such combination products enq>loy the compounds of this 
mvention within the dosage range described below and the other pharmaceutically active agent(s) within 
its approved dosage range. Compounds of the instant invention may alternatively be used sequentially 

20 with known pharmaceutically acceptable agent(s) when a combination formulation is inappropriate. 

The term "administration" and variants thereof (e.g., "administering" a compound) in 
reference to a compound of the invention means introducing the conopoimd or a prodrug of the 
conq)ound into the system of the animal in need of treatment When a compound of the invention or 
prodrug thereof is provided in combmation with one or more other active agents (e.g., a cytotoxic agent, 

25 etc.), ^'administration" and its variants are each understood to include concurrent and sequential 

introduction of die compound or prodrug thereof and other agents. The present invention mcludes within 
its scope prodrugs of the con[q)ounds of this invention. la general, such prodrugs will be functional 
dmvatives of the conq>ounds of this invention which are readily convertible in vivo into the required 
compom± Thus, m the methods of treatment of the present invention, the term "administering" shall 

30 encompass the treatment of the various conditions described with the compound specifically disclosed or 
with a compoxmd which may not be specifically disclosed, but which converts to the specified compound 
in vivo after administration to the patient. Conventional procedures for the selection and preparation of 
suitable prodrug derivatives are described, for example, in "Design of Prodrugs," ed H. Bundgaard, 
Elsevier, 1985, which is mcorporated by reference herein in its entirety. Metabolites of these compounds 
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include active species produced upon introduction of compounds of this invention into the biological 
niilieu. 

As used herein, the term "composition" is intended to enconopass a product comprising 
the specified mgrediwits in the specified amounts, as well as any product which results, directly or 
5 indirectly, from combmation of the specified ingredients in the specified amounts. 

The term "therapeutically effective amount" as used herein means that amount of active 
compound or phannaceutical agent that elicits the biological or medicinal response in a tissue, system, 
animal or human that is being sought by a researcher, veterinarian, medical doctor or other clinician. 

The tOTns •'treating" or "treatment" of a disease as used herein includes: preventing the 
10 disease, i.e. causing the clinical symptoms of the disease not to develop in a mammal that may be 

exposed to or predisposed to the disease but does not yet experience or display symptoms of the disease; 
inhibiting the disease, i.e., arresting or reducing the development of the disease or its clinical symptoms; 
or relieving the disease, Le., causing regressicm of the disease or its clmical synytoms. 

The term "bone resorption," as used hereni, refers to the process by which osteoclasts 

15 degrade bone. 

The present invention also ^compasses a phannaceutical con^sition useful in the 
treatment of osteoporosis or otbex bone disorders, comprising the administration of a therapeutically 
effective amount of the con[q)ounds of this invention, with or without pharmaceutically acceptable 
canters or diluents. Suitable conq)Ositions of this mvention include aqueous solutions comprising 

20 compounds of this invention and pharmacologically acceptable carriers, e.g., saline, at a pH level, e.g., 
7.4. The solutions may be introduced into a patient's bloodstream by local bolus injection. 

When a coiiq)ound according to this invention is administered into a human subject, the 
daily dosage will normally be determined by the prescribing physician with the dosage generally varying 
according to the age, weight, and response of the individual patient, as well as the severity of the patient's 

25 symptoms. 

la one exemplary application, a suitable amount of conq)ound is administered to a 
mammal undergomg treatment for a cathq>sin dependent condition. Oral dosages of the present 
invention, when used for the indicated effects, wiQ range between about 0.01 mg per kg of body weigjit 
per day (mg/kg/day) to about 100 mg/kg/day, preferably 0.01 to 10 mg/kg/day, and most preferably 0.1 to 

30 5.0 mg/kg/day. For oral admiaistration, the compositions are preferably provided in the form of tablets 
containing 0.01, 0.05, 0.1, 0.5. 1.0, 2.5, 5.0, 10.0, 15.0, 25.0, 50.0, 100 and 500 miUigrams of the active 
ingredient for the symptomatic adjustment of the dosage to the patient to be treated. A medicament 
typically contains from about 0.01 mg to about 500 mg of the active ingredient, preferably, from about 1 
mg to about 100 mg of active ingredient. Intravenously, the most preferred doses will range from about 

35 0.1 to about 10 mg/kg/minute during a constant rate infusion. Advantageously, compounds of the 
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present invention may be administered in a single daily dose, or the total daily dosage may be 
administered in divided doses of two, three or four times daily. Forthennore, preferred compounds for 
the present invention can be administered in intranasal form via topical use of suitable intranasal 
vehicles, or via transdermal routes, using those forms of transdermal skin patches well known to those of 
5 ordinary skill in the art. Tobeadministeredintheformof a transdermal delivery system, the dosage 
administration will, of course, be continuous rather than intermittent throughout the dosage regimen. 

The compounds of the present invention can be used in combination with other agents 
useful for treating cathepsin-mediated conditions. The individual components of such combinations can 
be adn^nistered separately at different times during the course of therapy or concuirentiy in divided or 

10 single combination forms. The instant invention is therefore to be understood as embracing all such 
regimes of simultaneous or alternating treatment and the term "administering'* is to be interpreted 
accordingly. It will be understood that tiie scope of combinations of the compounds of this invention 
with other agents useful for treating cathepsin-mediated conditicms includes in principle any conobination 
with any pharmaceutical conq)osition useful for treating disord^s related to estrogen functioning. 

15 The scope of the invention thmfore encompasses the use of the instantiy claimed 

compounds in combination with a second agent selected from: an organic bisphosphonate; an estrogen 
receptor modulator, an androgen receptor modulator, an inhibitor of osteoclast proton ATPase; an 
inhibitor of HMG-CoA reductase; an integrin receptor antagonist; an osteoblast anabolic agent, such as 
PTH; a Nonsteroidal anti-inflanamatory drug; a selective cyclooxygenase-2 inhibitor; an inhibitor of 

20 interleukin-1 beta; a LOX/COX inhibitor and the pharmaceutically acceptable salts and mixtures thereof. 

These and other aspects of the invention will be apparent from the teachings contained 

herein. 



Definitions 

25 The conopounds of the present invration may have asymmetric centers, cbiral axes, and 

chiral planes (as described in: E.L. Bliel and SJL ^en. Stereochemistry of Carbon Compounds, John 
Wiley & Sons, New York, 1994, pages 1 1 19-1 190), and occur as racemates, racemic mixtures, and as 
individual diastereomers, with all possible isomers and mixtures thereof, including optical isomers, being 
included in the present invention. In addition, the compounds disclosed herein may exist as tautomers 

30 and both tautomeric forms are intended to be encompassed by the scope of the invention, even though 
only one tautomeric structure is depicted. For example, any claim to compound A below is understood 
to include tautomeric structure B, and vice versa, as well as mixtures thereof. 
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A B 



When any variable (e.g. Rl, R2, Ra etc.) occurs more than one time in any constituent, 

5 its definition on each occurrence is independent at every other occurrence. Also, combuiations of 
substituents and variables are permissible only if such combinations result in stable conqwunds. Unes 
drawn into the ring systems fiom substituents indicate that the indicated bond may be attached to any of 
the substitutable ring carbon atoms. If the ring system is polycyclic, it is intended that the bond be 
attached to any of the suitable carbon atoms on the proximal ring only. 

10 It is understood that substituents and substitution pattrais on the compounds of the 

uistant invention can be selected by one of ordinary skill in the art to provide confounds that are 
chemically stable and that can be readily synthesized by techniques known m the art, as well as those 
methods set forth below, from readily available starting materials. If a substituent is itself substituted 
with more than one group, it is understood that these multiple groups may be on the same carbon or on 

15 different carbons, so long as a stable structure results. The phrase "optionally substituted with one or 
more substituents" should be taken to be equivalent to the phrase "optionally substituted with at least one 
substituent" and m such cases the preferred embodiment will have from zero to three substituents. 

As used herein, "alkyl" is intended to include both branched and straight-chain saturated 
aliphatic hydrocarbon groups havmg one to ten carbon atoms unless otherwise specified. For example, 

20 Ci-Cio, as in "Ci-Cio alkyl" is defined to include groups having 1, 2, 3, 4, 5, 6, 7, 8, 9 or 10 carbons hi 
a Imear, branched, or cyclic arrangement For example, '*Ci-Cio alkyl" specifically mcludes methyl, 
ethyl, propyl, butyl, pentyl, hexyl, heptyl, octyl, nonyl, decyl, and so on. 

"Alkoxy" or "alkyloxy" represents an allqrl group as defined above, unless otherwise 
indicated, wherem said alkyl group is attached through an oxygen bridge. Examples of alkoxy include 

25 methoxy, ethoxy and the like. 

The term "cycloalkyl" or "carbocycle" shall mean cyclic rings of alkanes of three to 
eight total carbon atoms, imless otherwise indicated, or any number within this range (i.e., cyclopropyl, 
cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl or cyclooctyl). 

. If no nurriber of carbon atoms is specified, the term "alkenyl" refers to a non-aromatic 

30 hydrocarbon radical, straight or branched, contaimng from 2 to 10 carbon atoms and at least 1 carbon to 
carbon double bond. Preferably, 1 carbon to carbon double bond is present, and up to 4 non-^omaric 
carbon-carbon double bonds may be preseait Thus, "C2-C6 alkenyl" means an alkenyl radical having 
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from 2 to 6 carbon atoms. Alkenyl groups include ethenyU propenyl, butenyl and cyclohexenyL As 
described above with respect to allqrl, the straight, branched or cyclic portion of the alkenyl group may 
contain double bonds and may be substituted if a substituted alkenyl group is indicated. 

The term "alkynyl" refers to a hydrocarbon radical straight or branched, containing from 
5 2 to 10 carbon atoms, unless otherwise specified, containing at least 1 carbon to carbon triple bond. Up 
to 3 carbon-carbon triple bonds may be present Thus, alkynyl" means an alkynyl radical having 

from 2 to 6 carbon atoms. Alkynyl groups include ethynyl, propynyl and bulynyl. As described above 
with respect to alkyl, the straight, branched or cyclic portion of the alkynyl group may contain triple 
bonds and may be substituted if a substituted alkynyl group is indicated. 

10 In certain instances, substituents may be defined with a range of carbons that includes 

zero, such as (Co-C6)alkylene-aryL If aryl is taken to be phenyl, this definition would mclude phenyl 
itself as well as -CH2Ph, -CH2CH2Ph, CH(CH3) CH2CH(CH3)Ph, and so on. 

As used herein, "aryl" is intended to mean any stable monocyclic or bicyclic carbon ring 
of up to 12 atoms in each ting, wherein at least one ring is aromatic. Exanq)Ies of such aryl elements 

15 mclude phenyl, naphthyl, tetrahydronaphthyl, indanyl, biphenyl, phenanthryl, anthryl or acenaphthyl. hi 
cases where die aryl substituent is bicyclic and one ring is non-aromatic, it is undmtood that attachment 
is via the aromatic ring. 

The term "heteroaryl", as used herein, represents a stable monocyclic, bicyclic or 
tricyclic ring of up to 10 atoms in each ring, wherein at least one ring is aromatic and contains from 1 to 

20 4 heteroatoms selected from the group consisting of O, N and S, Heteroaryl groups within the scope of 
this definition include but are not limited to: benzoimidazolyl, benzofiiranyl, benzoftirazanyl, 
benzopyrazolyl, benzotriazolyl, benzothiophenyl, benzoxazolyl, carbazolyl, carbolinyl, cinnolinyl, 
fiiranyl, indolinyl, indolyl, indolazinyl, indazolyl, isobenzofiiranyl, isoindolyl, isoquinolyl, isothiazolyl, 
isoxazolyl, naphthpyridmyl, oxadiazolyl, oxazolyl, oxazoline, isoxazbline, pyranyl, pyrazinyl, pyrazolyl, 

25 pyridaanyl, pyridopyridinyl, pyridyl, pyrimidinyl, pyrrolyl, quinazolmyl, quinolyl, quinoxalinyl, 
tetrazolyl, tetrazolopyridyl, thiadiazolyl, thiazolyl, thienyl, triazolyl, dihydrobenzounidazolyl, 
dihydrobenzofuranyl, dihydrobenzothiophenyl, dihydrobenzoxazolyl, dihydroindolyl, dihydroquinolinyl, 
methylenedioxybenzene, benzothiazolyl, benzothienyl, quinolinyl, isoquinolmyi, oxazolyl, and tetra- 
hydroquinoline. In cases where the heteroaryl substitu^t is bicyclic and one ring is non-aromatic or 

30 contams no heteroatoms, it is understood that attachment is via the aromatic ring or via the heteroatom 
containing ring, respectively. If the heteroaryl contains nitrogen atoms, it is understood that the 
corresponding N-oxides thereof are also encon^assed by this definition. 

As appreciated by those of skill in the art, "halo" or "halogen" as used herem is intended 
to include chloro, fluoro, bromo and iodo. The term "keto" means carbonyl (C=0). 
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The tenn 'lialoallQrr' means an alkyl radical as defined above, unless otherwise 
specified, that is substituted with one to five, preferably one to three halogen. Representative exainpks 
include, but are not limited to trifluoromethyl, dichloroethyl, and the like. 

The term '•hydroxyalkyl" means a linear monovalent hydrocarbon radical of one to six 
S carbon atoms or a branched monovalent hydrocarbon radical of three to six carbons substituted with one 
or two hydroxy groups, provided that if two hydroxy groups are present they are not both on the same 
carbon atom. Representative examples include, but are not limited to, hydroxymethyl, 2-hydroxyethyl, 
2-hydroxypropyl, 3- hydroxypropyl, and the like. 

The term "heterocycle" or 'lieterocyclyr' as used herein is intended to mean a S- to 10- 

10 membered nonaromatic ring, unless otherwise specified, containing from 1 to 4 heteroatoms selected 
from ±e group consistmg of O, N, S, SO, or SO2 and includes bicyclic groups. '%terocyclyl" therefore 
includes, but is not limited to the following: piperazinyl, piperidmyl, pyrrolidmyl, morpholinyl, 
thiomorpholinyl, tetrahydropyranyl, dihydropiperidinyl, tetrahydrothiophenyl and the like. If the 
heterocycle contains a nitrogen, it is understood that the corresponding N-oxides thereof are also 

IS encompassed by this definition. 

The present invention also includes N-oxide derivatives and protected derivatives of 
corEq)ounds of Formula I. For example, when compoimds of Formula I contain an oxidizable nitrogen 
atom, the nitrogen atom can be conv^ed to an N-oxide by methods well known in the art Also when 
compounds of Formula I contain groups such as hydroxy, carboxy, thiol or any group containing a 

20 nitrogen atom(s), these groups can be protected with a suitable protecting groups. A conq>rehensive list 
of suitable protective groups can be found in T. W. Greene, Protective Groups in Organic Synthesis, John 
Wiley & Sons, Inc. 1981, the disclosure of which is mcorporated herein by reference in its entirety. The 
protected derivatives of confounds of Formula I can be prepared by methods well known in the art 

Whenever the term "allqrl" or "aryl" or either of then: prefix roots appear m a name of a 

25 substituent (e.g., aryl Cq-S alkyl) it shall be interpreted as including those limitations given above for 
"alkyl" and "aiyl." Designated numbers of carbon atoms (e.g., Ci-io) shall refer independently to the 
number of carbon atoms in an alkyl or cycUc alkyl moiety or to the alkyl portion of a larger substituent in 
which alkyl appears as its prefix root 

The pharmaceutically acceptable salts of the confounds of this invention include the 

30 conventional non-toxic salts of the compounds of this invention as formed inorganic or organic acids. 
For example, conventional non-toxic salts include those derived from inorganic acids such as 
hydrochloric, hydrobromic, sulfiiric, sulfamic, phosphoric, nitric and the like, as well as salts prepared 
from organic acids such as acetic, propionic, succinic, glycolic, stearic, lactic, malic, tartaric, citric, 
ascorbic, pamoic, maleic, hydroxymaleic, phenylacetic, glutamic, benzoic, salicylic, sulfanilic, 2- 

35 acetoxy-benzoic, fumaric, toluenesulfonic, metfaanesulfonic, ethane disulfonic, oxalic, isethionic. 
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trifluoroacetic and the like. The preparation of the phannaceutically acceptable salts described above 
and other typical phannaceutically acceptable salts is more fully described by Berg et oL , 
•Thaimaceutical Salts," /. PhamL Set, 1977:66: M9, hereby incorporated by reference. The 
phannaceutically acceptable salts of the confounds of this invention can be synthesized from the 
5 compounds of this invention which contain a basic or acidic moiety by conventional chemical methods. 
Generally, the salts of the basic con^)ounds are prepared either by ion exchange chromatography or by 
reacting the fiee base with stoichiometric amounts or with an excess of the desired salt-forming inorganic 
or organic acid in a suitable solvent or various combinations of solvents. Similarly, the salts of the acidic 
conqwunds aie formed by reactions with the appropriate inorganic or organic base. 



10 For purposes of this specification, the following abbreviations have the indicated 
meanmgs: 

BuU = nonnal butyl lithium 

CBr4 s= tetrahromomethane 

15 CH2CI2 = methylene chloride 

CHQ3 = chlorofonn 

(CH30)2CO = dimethyl carbonate 

DAST = diethylaminosulfur trifluoride 

DIB AL-H = diisobutylaluminum hydride 

20 DIPEA = diisopropylethylamhie 

DMF = NJJ-diioaethylformamide 

DMSO = dimeOiylsulfoxide 

Bt3N = triethylamine 

EtOH = ethanol 

25 KH2PO4 = potassium dihydrogenphosphate 

HQ = hydrochloric acid 

MeOH = methanol 

MgBr = magnesium bromide 

MgS04 = magnesiimi sulfate 

30 Na2C03 = sodium carbonate 

NaOMe = sodium methoxide 

Na2S04 ^ sodium sulfate 

PCls s phosphorous pentachloride 

Pda2(dppf) = [l.r.bis(diphenylphosphmo)fetrocene]dichloropalladium(II) 

35 PG = protecting group 
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triphenylphosphine 
N,JV-dii50propylethylainme 

betizotriazol-l-yloxytris(pynolidino)phosphonium-hexafl^ 
roomtenqperature 
saturated aqueous 
tetrabutylammonium fluoride 
trifluoromethanesulfonate 
tetrahydrofuran 
thin layer chromatography 
bromotriinethylsilane 
methyl 
ethyl 

normal propyl 
isopropyl 
normal butyl 
isobutyl 
secondary butyl 
tertiary butyl 

20 The novel coiiq)ounds of the present invention can be prepared according to the 

following general procedures usmg appropriate materials and are further exemplified by the following 
specific exaiiq)les. The compounds illustrated in the exanq)les are not, however, to be construed as 
forming the only genus that is considered as the invention. The following examples further illustrate 
details for the preparation of the compounds of the present invention. Those skilled in the art will 

25 readily understand that known variations of the conditions and processes of the following preparative 
procedures can be used to prepare these conqpounds. All terop^'atures are degrees Celsius unless 
otterwise noted. 

SCHEMES 

30 

Compounds of the present invention can be prepared according to Scheme 1, as 
indicated below. Thus, an unsaturated or saturated (obtained by hydrogenation of the olefin) cyclic 
carboxylic acid (see Sakito, Y.; Suzukamo, G. Chenu Lett. 1986, 621-624 (n=l) and Morin, R.; Manuel, 
C; Mazmauian, C. Eur. 7. Med. Chem. 1976, 11, 493-499 (n=2)) can be coupled to an appropriately 
35 substituted aminoacetonitrile to provide compounds of the current invention. If the substituent on D 



PPh3 
Pr2PJEt 

PyBOP 
rt 

S sat aq. 
TBAF 
TfO 
THF 
Uc 

10 TMSBr 
Me 
Et 
n-Pt 
i-Pr 

15 n-Bu 
i-Bu 
s-Bu 
t-Bu 
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system is a halogen, a palladium-catalyzed Suzuki coupling with an appropriate boronic acid provides 
additional confounds of the current invention as shown. 



SCHEME 1 



5 




Conq)ounds of the present invention may be prepared according to Scheme 2, as 
indicated below. Thus, the unsaturated acid from Scheme 1 can be converted to a bromolactone with 
TMSBi/DMSO/DIPEA (see Miyashita, K.; Tanaka, A.; Mizuno, H.; Tanaka, M.; Iwata, C. i. Chem. Soc, 
10 Perkin Trans. /, 1994, 847-851). Methoxide catalyzed opening of the lactone affords a 

bromohydroxyester that is converted to the corresponding ketone by oxidation of the alcohol followed by 
reductive debromination, with zinc for example. This ketone is subsequently converted to the 
conesponding gem-difluoro (R3,r4=F) or g^m-dichloro (R3,r4=C1) compounds by treatment with 
DAST or PCI5 respectively. Alternatively, this ketone can be transformed into the correspondmg exo- 

15 methylene compound by a Wittig reaction using a methyl triphenylphosphonium salt and further to spiro- 
cyclopropane derivatives via a Simmons-Smith type cyclopropanation reaction and still further to ^em- 
dimethyl (R3, r4=CH3) derivatives by treatment of the cyclopropane product with hydrogen in the 
presence of a suitable catalyst Hydrolysis of the ester functionality with aqueous base, and peptide 
coupling and Suzuki reaction as described in Scheme 1 affords conqtounds of the current invention that 

20 possess a variety of substiLtuents on the cycloalkyl fragment 
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SCHEME 2 




Halo^ 

5 

Compounds of the cunent invention may also be prepared according to Scheme 3. Thus, 
a suitably substituted cycloalkanone (such as R3,r4=F; d; ^piro-cyclopropyl or CH3; see Patrick, T. B.; 
Schribel, J. J.; Cantrell. G. L. /. Org. Chem. 1981, 46, 3917-3918; Harmata. M; Shao, L. Synthesis 1999, 
1534-1540; Crandall, J. K.; Seidewand, R. J. J. Org. Chem. 1970, 35, 697-701; or Negishi, E.; 
10 Chatterjee, S. Tetrahedron Lett. 1983. 24, 1341-1344, respectively) can be converted to the QD- 
unsaturated ketoester by treatment with a suitable base such as sodium hydride and subsequent 
quenching of the resulting enolate anion with dimethyl carbonate followed by oxidation with 
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PbSeCl/pyr/H202. This coDopoimd can then serve as an electrophUe in conjugate addition reactions with 
a variety of nucleophiles such as, but not limited to, bifunctional organocopper reagents. Reductive 
removal of the ketone functionality via the tosylhydrazone (see Taber, D. F; Malcolm, S. C J. Org. 
Cheni 1998, 65, 3717-3721), or alternatively by Raney nickel desulfurization of the corresponding 
5 thioacetal (see Newman, M. S.; Walborsky, H. M. J. Am. Chem. Soc, 1950, 72. 4296-4297), followed by 
ester hydrolysis and peptide coupling as described in Scheme 2 yields compounds of tiie current 
invention. When X is a protected oxygen fimctionality , a Suzuki reaction (via the triflate) followed by 
ester hydrolysis and peptide coupling as described in Scheme 2 provides conq)Ounds of the current 
invention. 

10 

SCHEMES 




IS A diverse array of compounds of the current invention whw D is a heterocycle can be 

prepared as shown in Scheme 4. Copper mediated conjugate addition of a vinyl lithium or magnesium 
species to the qO -unsaturated ketoester from Scheme 3 followed by ketone removal as discussed for 
scheme 2 affords a versatile intermediate olefin (boxed) that can be selectively converted (when E=aryl 
or heteroaryl) to one of two regioisomeric ketones by subjecting it to either a rhodium catalyzed 

20 hydroboration (see Hayashi, T.; Matsumoto. Y. Tetrahedroiu Asymmetry 1991, 2, 601-612 and 
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references thra-ein), oxidation sequence or alternatively a Wacker oxidation in one case or epoxidation 
followed by an acid catalyzed ^xide rearrangement (see Ranu, B. C; Jana, U. 7. Org. Chem, 1998, 63, 
8212-16 and references therein) in the otha:. These ketones may also be interconverted through a 
carbonyl transposition sequence via the corresponding D-phenylsuIfenylfcetones (see Trost, B, M.; Hiroi. 
5 K.; Kurozumi, S. J. Am. Chenu Soc, 1975. 97, 438-440). Each of these D-methylene-ketones can then 
be further transformed into a variety of heterocycles, such as thiazole, isothiazole, oxazole, isoxazole, 
triazole. imidazole, thiadizaole, etc., according to well established literature precedents (see Gauthier, J. 
Y. et al. Bioorg, Med, Chenu Lett, 1996, 6, 87-92 and references therein). Ester hydrolysis and peptide 
coupling as per Scheme 1 yields compounds of the current invention. 

10 
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SCHEME 4 



R3 



(4Vv Cu'.THF 




1 . Rh catalyzed 
hydroboration 

2. oxidation 
. ^ — 

oxidation 



see text 



see text 



CX)2Me 




ketone 
removal 




1 . epoxidation/ 

2. Lewis or 
protic acid 




COaMe 



10 



Conipounds of the current invention may also be prepared according to Scheme 5a. 
Addition of a vinyl (m=0) or allyl (m=l) Grignard reagent to the QD -unsaturated ketoester from Scheme 
3 in the presence of a suitable copper (I) catalyst affords the conjugate addition product. Reductive 
removal of the ketone and reaction with ozone leads to the corresponding aldehyde. Hie aldehyde 
derived from the conjugate addition of vinyl Grignard (mM)) to the QD-unsaturated ketoester can be 
transfomied into a terminal sUkyno with CBr4, PPh3 and base. A Sonagashira reaction then gives another 

versatile intermediate (boxed) that can be utilized to prepare compounds of the current invention where 
D=alkene, alkyne or heterocycle as indicated. Alternatively, this intermediate can be accessed, as shown 
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iB Scheme 5b, through direct 1,4-addition of the alkyne fragment (see Eriksson, M; Diefeki, T.; Nilssoa, 
M.; Olsson, T. J. Org, Chem. 1991, 62, 182-187) to the previously mentioned QD-unsaturated ketoester 
from Scheme 3. 

5 SCHEME 5A 



MgBr pS 



ketone 4 1 
removal " — . 



^ C02Me A M 
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Me 
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SCHEME 5B 



R 




1.TMS— Li 
Cu', THF ^ R' 
2.TBAF *^ m 



COaMe 



R^-E- = Li 
Cu', THF 




R^J 



R«' 



O ketone ^ i 
removal ^ v>Pj^ 

COaMe 



4 R O 1^®*°"® ^^^tL-i 
R-4~-f removal ^ z/;^ 

II II 



C02Me 



COaMe 



Confounds of the current invention may also be piepaied according to the chemistry 
outlined m Scheme 5c. Thus, Grignard addition to the homologous aldehyde mtermediates (in=0, m;=l), 
that were generated by ozonolysis of the corresponding terminal olefins in Scheme 5a, followed by 
10 oxidation of the resulting alcohol affords the regioisom^c D-methylene ketones and subsequently 
compounds of the current invention according to Scheme 4. 
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SC3BEME5C 



OHC 



(m=0) 



1. R^E-MgBr 
1 

2. oxidation 
(m=1) 



LR^-E-CHaMgBr 
2. oxidation 



COgEt 



"■'r 

o 



COgEt 



10 



Coiiq)ounds of the current invention may also be prepared according to Scheme 6. 
Cyclohept-4-en-l-one (Louis, J.; Bielawski, C. W.; CSrubbs, R. H. J. Am. Chem. Soc. 2001, 123, U312- 
11313) can be converted into a variety of gem-disubstituted derivatives according to the discussion 
accotBpanying Scheme 2 and further to the terminally differentiated aldehyde-ester by Scfarraber 
ozonolysis (Schreiber, S. L.; Claus, R. E.; Reagen, J. Tetrahedron Lett. 1982, 23, 3867-3870). 
Sequential Hfomer-Wadsworfli-BiiinKms type olefinatioo, with appropriate □-phosphwiylketone, and 
intramolecular 1,4-addition leads to an D-metlvlene tetone that can be tnmsfcHmed into compounds of 
the current invention according to Sch^ne 4. 
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SCHEME 6 




halogenation^ 
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o 
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CHO 
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COsMe 



10 



CoQipounds of the cunrat inveatioD may also be prepared according to Schenoe 7. Witdg reaction of a - 
vari^ of aldehydes with ethoxy(ethoxycarbQnyl)methyl) tiiphenylphosponium chloride yields 
ketoacid derivatives after hydrolysis of the enol-ether and ester functionalities (see Bach, K. K.; El- 
Seedi, H. R.; Jensen, H. M.; Nielsen, H. B.; Thonosen, I.; Torssell. K. B. G. Tetrahedron 1994, 50, 7543- 
7556). A Robinson-annelation/reduction sequence (see Ziegler, F. E.; Condon, M. E. J. Org. Chem. 
1971, 36, 3707-3713) then affords a cyclohexanone inteimediate that can be transfcomed into compounds 
of the current invention according to Scheme 2. 
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SCHEME? 




5 Compounds of the current invention may also be prepared according to Scheme 8. Thus, 

treatment of the known QD -unsaturated ketoester (see Webster, F. X.; Silverstein, R. M. Synthesis 1987, 
922-924) with DAST or alternatively with PCI5 affords the conespondmg gem-difluroro (R3. r4=F) and 
gm-dichloro (R3, r4=F) conipounds respectively. A reduction/oxidation sequence affords the QD- 
unsaturated aldehyde from the ester. Tmrniiitn ion catalyzed Mukaiyama-Micbael addition (see Brown, S. 

10 P.; Gloodwm, N. C; MacmiUan D. W. C. J. Am Chem. Soc. 2003, 125, 1 192-94) of a methylfcetone- 
derived enol-silyl eth^, oxidation of the aldehyde to an acid and esterification with diazomethane yields 
a keto-ester that can be converted into compounds of the current invention according to Scheme 4. It 
will be appreciated by those skilled in the art of organic synthesis that the QD -unsaturated aldehyde 
intermediate (boxed) in Scheme 8 can also be converted to compounds of the current invention according 

15 to the conjugate addition strategies detailed in Schemes 3 through 5a-c; this facet is illustrated in Scheme 
9 (note analogy to Scheme 5b). 
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SCHEMES 




see text 
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SCHEME 9 




The following examples describe the synthesis of selected compounds of the current 

invention: 

EXAMPLEl 

Synthesis Of (li?,2Ji)-A^-<Cyanon)ethyl>-5.5-Difluoro-2-[4'<Meaiylthio>14'-Bip 
2-ynCvclQbexmecarbQxamide 
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Bromotrimethylsilane (L96 mL, 15.1 mmol) was added dropwise to a (TC solution of 
dimethyl sulfoxide (1.10 mL, 15.5 mmol) in chlorofoim (15 mL) with stiucring at this temperature for 30 
minutes. (-.)-(ljR.6*)-6-(2-bromophenyl)cyclohex-3-ene-l-carboxylic add (4.24 g, 15.1 mmol; prepared 
in 93% ee, [Ob = -62* (c=1.0. CHCI3), by resolution of the racemic Diels-Alder adduct between 1,3- 

5 butadiene and 2-hromDciimamic acid [see Morin, R.; Manuel, C; Mazmanian, C. Eur, /. Med, Chenu 
1976, / 7, 493-499] with (/?)-phenethyl amine) was added as a solid with stirring at rt for 1 h prior to the 
addition of diisopropylethylamine (2.65 mL, 15.2 mmol) at 0**C followed by reflux for 24 hours. The 
reaction vessel contents were then cooled to rt, diluted with ethyl acetate and washed in succession with 
water, 5% HQ, water and brine, and the organic phase was dried over sodium sulfate. Concentration in 

10 vacuo afforded (l^,2i?,4/?,5S)-4-bromo-2-(2-bromophenyl)-6K)xabicyclo[3.2. 1] octan-7-one as an oily 
solid. 

Bceshly prepared sodium methoxide (0.45 M in methanol) was added to a methanol (20 
mL) solution of (l/?,2R,4«,5S)-4-bromo-2K2-hromophenyl)-6-oxabicyclo [3.2.1]octan-7-one (5.43 g, 
15.1 mmol) with stirring at rt for 1.5 hours. The mixture was then treated witii 0.5 M HQ (50 ml) and 

15 the methanol was removed by rotary evaporation undo: reduced pressure. The residue was partitioned 
between water and ethyl acetate and the layers separated. The aqueous phase was extracted with 
additional ethyl acetate and the combined organics were washed with water, 5% Na2C03 (2 x 75 mL) 
and brine, and dried (Na2S04). Concentration in vacuo yielded methyl (li?,2/?,4/?,5S)-4-bromo-2-<2- 
bromophenyl)-5-hydroxycyclohexanecarboxylate as a faint-yellow solid after trituration with 

20 ether/hexanes. 

Freshly prepared Jones reagent (2.7 M, 7.0 mL) was added at O'^C to an acetone (25 mL) 
solution of (l/?,2l?,4i?,55)-4-bromo-2-(2-bromophenyl)-5-hydroxycyclohexanecarboxylate (2.50 g, 6.38 
mmol) with stirring at room temperature for 40 minutes- The mixture was then diluted with water and 
extracted with ether (3x). The combined extracts were washed with water, saturated aqueous sodium 

25 bicarbonate and brine solutions, and dried (Na2S04). Concentration in vacuo gave methyl (l/?,2R.4i?)-4- 
bromo-2-(2-hromophenyl)"5-oxocyclohexanecarboxylate as a colorless, thick syrup. 

A 1 M solution of KH2PO4 (32 mL) was added to a sluny of metiiyl (l/?,2R,4/i)-4. 
bromo-2-(2-bromDphenyl)-5-oxocyclohexanecarboxylate (2.49 g. 6.38 mmol) and zinc dust (21 g, 330 
mmol) in THF (58 mL) with rapid stining at room temperature for 1 hour. The mixture was then filtered 

30 (Celite) and the pad washed weU with ethyl acetate and water. The filtrate was transferred to a 

separatory funnel, shaken and the layers separated. The organic phase was washed with brine and dried 
(Na2S04). Concentration in vacuo provided mediyl (li?,2/^)-2-(2-bromophenyl)-5- 
oxocyclohexanecarboxylate as a colorless solid. 

A stined solution of naetiiyl (l/?,2R)-2-(2-bromophenyl)-5-oxocyclohexanecarboxylate 

35 (1.69 g, 5.46 mmol) m CH2CI2 (23 mL) was treated at -20*C with metiianol (22 DL, 10 mol%) and 
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diethylaminosulfur trifluoride COAST) (L73 mL, 13.1 mmol) with slow wanning to room tenqjerature 
over 1.5 hours and additional stiiring at room teropearature for 30 mmutes. Excess reagent was quenched 
by the careful addition of saturated sodium bicarbonate solution at (fC, The reaction vessel contents 
were then diluted with dicWoromethane and washed with saturated sodium bicarbonate aqueous solution 
5 and water, and dried (Na2S04). Concentration in vacuo gave methyl (li?,2R)-2-(2-hromophenyl)-5.5- 

difluorocyclohexanecarboxylate as a thick, brown syrup. 

A 2 M aqueous solution of lithium hydroxide (26 mL) was added to a solution of methyl 
(l/?,2jR)-2-(2-bromophenyl)-5,5-difluorocyclohexanecarboxylate (1.8 Ig, 5.46 mmol) in a mixture of 
methanol (20 mL) and THF (10 mL) with rapid stirring at room temperature for 15 hours. The reaction 
10 mixture was then diluted with water and extracted with ether prior to acidification to pH 2 with 2 M HCl 
followed by extraction with ethyl acetate (2x). The combmed ethyl acetate extracts were washed with 
brine, dried (Na2S04). and concentrated to afford (l/?;iR>-2-(2-bromophenyI)-5,5- 

difluorocyclohexanecarboxylic acid as a tan foam. 

A ndxture of (U?;2R)-2-(2-bromophenyl)-5^-difluarocyclohexanecarboxylic acid (820 

15 mg, 2.58 mmol), benzotriazoH-yl-oxytripyrrolidinophosphonium hexafluorophosphate (1.49 g, 2.86 
nunol) and aminoacetonitrile hydrochloride (530 mg, 5.73 mmol) m AT, JV-dimethyKormamide (5.0 mL) 
was cooled to 0"C and treated with triethylamme (1.26 mL. 9.04 mmol). The resultmg slurry was stirred 
at room temperature for 2.5 hours and then poured into water and extracted with ethyl acetate (3x). The 
combined extracts were washed with brine and dried (Na2S04). Concentration in vacuo and 

20 chromatography of the residue on silica eluting with 2/3 EtOAc/hexanes yielded (l/2,2i?)-2-(2- 
bromophenyl)-iV-(cyanomethyl)-5,5-dtfluorocyclohexanecarboxamide as a faint-yellow foam. 

(l/?,2J?)-2-(2-Bromophenyl)-iV<cyanomethyl)-5,5-difluorocyclohexanecarboxaim 
mg, 1.62 mmol), 4-(methylthio) benzeneboronic acid (342 mg, 2.04 mmol), PdCl2(dppf)CH2Cl2 (68 mg, 
0.083 mmol) and 2.0 M Na2003 aqueous solution (1.22 mL. 2.44 mmol) were heated at 85"C in N- 

25 dunethylfoimamide (4.6 mL) under a nitrogen atmosphere. After 17 hours at this tenq)erature, the 

reaction mixture was cooled to room tenyerature and partitioned between ethyl acetate and water and the 
layers separated. The aqueous phase was extracted with additional ethyl acetate and the combined 
organics were washed with brine, and dried (Na2S04). Concentration m vacuo and chromatography of 
the residue on silica eluting with 35/65 EtOAc/hexanes gave the title compound as a faint-yellow foam, 

30 [0 Dd = -10^ (c L2, CHCI3). MS (-ESI): 399.2 [M-HJ'. 
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EXAMPLB2 

Synthesis Of (l/e,2R)-A^-(l-CyanocyclopiDpyl)-5,5-DffluQro-244'K^^ 

yllCvclQhexmftcarhoxamldc ^ 

5 




A mixture of (lJ?,2J?)-2<2-bronu5phenyl)-5,5-<iifluorocyclohexanec^^ acid, from 
exainple 1, (820 mg, 2.58 mmol). beiizotriazol-l-yl-<)xytripyiToKdinophosphomu^ 

10 (1.48 g, 2.85 mmol) and l-anrinocyclopropanecarbonitrile hydrochloride (674 mg, 5.68 mmol) in K N- 
dimethylfonnamide (5.0 mL) was cooled to 0°C and treated with triethylamine (1.26 mL, 9.04 mmol). 
The resulting slurry was stirred at room temperature for 2.5 hours and then poured into water and 
extracted with ethyl acetate (3x). The combined extracts were washed with brine and dried (Na2S04). 
Concentration in vacuo and chromatography of the residue on silica eluting with 38/62 EtOAc/hexanes 

15 yielded (li?,2R)-2<2-bromophenyl)-NKl-<^yanocyclopropyI)-5,5Klifluorocyclohexane^ as a 

fahat-yellow solid. 

(li?,2/?)-2-<2-Bromophenyl)-iV-(l-cyanocyclopropyl)-5,5- 
difluorocyclohexanecaiboxamide (518 mg, 1.35 mmol), 4-(methylthio) benzeneboronic acid (285 n^, 
1.70 mmol), Pda2(dppf) CH2a2 (61 mg, 0.075 namol) and 2.0 M Na2C03 aqueous solution (1.02 mL, 

20 2.04 mmol) were heated at 85**C m N, JV-dhnethylformamide (4.0 mL) under a nitrogen atmosphere. 
After 17 hours at this temperature, the reaction mixture was cooled to room temperature and partitioned 
between ethyl acetate and water and the layers separated. The aqueous phase was extracted with 
additional ethyl acetate and the combmed organics were washed with brine, and dried (NaaSO^). 
Concentration in vacuo and chromatography of the residue on silica eluting with 30/70 EtOAc/hexanes 

25 gave the titte compound as a famt-yellow foam, [□ Dd = --41^ (c = 0.95, CHCfe) , MS (-ESI); 425.3 [M- 
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EXAMPLES 

Synthesis Of (l/y5,2^/B>AKCyanomethyl)-5.5-Dichlor^ 

ynCvclohey af^ft^aTfaQYanii de . , 




A stined solution of methyl (liyS,2/&B2-(2-hromophenyl)-5- 
oxocyclohexanecarboxylate. from example 1, (663 mg, 2.13 mmol) in toluene (1.5 mL) was treated with 

10 PQs (1. 1 g, 5.3 mmol) with stirring at room temperature for 4 hours. A 2 M solution of sodium 

hydroxide was then carefully added while cooling at 0*C. The mixture was partitioned between water 
and ether, and the layers were separated. The aqueous phase was extracted with additional ether and the 
combined extracts were washed with water and brine, and dried over MgS04. Concentration in vacuo 
and chromatography of the residue on silica gel elutmg with 5/95 EtOAc/hexanes provided methyl 

15 (liyS.21?/S>2-(2-bromophenyl)-5,5-dichlorocyclohexanecarboxylate as a colorless solid. 

The title compound was prepared as a colorless solid, MS (+ESI): 433.1 [M+H]% from 
methyl (l/yS,2/WS}-2-(2-bromophenyl>5.5-dicMorocyclohexanecaA accordmg to the protocol 
used for the preparation of (l«,2«)-iVKcyanomethyl)-5,5-difluoro-2-[4Hme%^ r.biphenyl.2-yl] 
cyclohexanecaiboxamide from methyl (lJi,21i)-2-(24iromophenyl>5,5-difluorocyclohexanecarboxylate 

20 (see exanq)le 1). 
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EXAMPLE4 

Synthesis of Af<Cyanomethyl)-5,5-Difluoro.2-{ l-Methyl-3-[4-(Metbyltbio)Phenyl]-l/i-Pyiazol^ 
yDCvclohexanecarboy flTnide 




A solution of 4-bromo4-methyl-lff-pyrazole-3-carbaldehyde (1.00 g, 5.29 mmol), 

malonic acid (825 mg, 7,94 mmol) and piperidine (0J2 mL, 1.2 mmol) in pyridine (0.60 mL) was heated 
10 to reflux for 3 hours. The mixture was then poured into 10% HCl and extracted with ethyl acetate (3x). 

The combined extracts were dried (Na2S04) and concentrated m vacuo to afford (2E)-3-(4-hromo-l- 

methyHH-pyrazol-3-yl)prop-2-enoic acid as a colorless solid. 

The title compound was prepared as a colorless foam, MS (+ESI): 405.2 [M+H)*, from 

(2£)-3K4-bromo4-methyl-lH-pyra2ol--3-yl)prop-2-enoic acid according to the protocol used for the 
15 preparation of (l/f,2R)-WKcyanomethyl)-5,5-difluoro-2-[4HmethyltM^^ 

yl]cyclohexanecarboxamide from (-)-(l/?»6/?)-6-(2-bromophenyl)cyclohex-3^ne-l-carboxylic acid and 

1,3-butadiene (see example 1). 



-49- 



wo 2005/000800 



PCT/CA2004/000948 



RXAMPLES S-31 

The following cozz^ounds weie piepaied using noethods analogous to those described in 
the preceding exanoples: . 



5 


N<cyanoinethyl)-2-{4'-[(cyanomethyl)tMolbiphenyl-2-yl}-5,5- 
difluorocvclohexanecarboxainide 


MS (-BSD: 424.2 [M-H]- 


6 


1. . ^ j_ 

2-{4'-[(2-amino-2K)xoethyl)tMo]biphenyl-2"yl}-NK^ 
S,S*difluorocyclohexanecaiboxaxnide 


MS (+ES]): 466.0 
[M+Na]+ 


7 


N-(cyanomelhyl)-2-[4'-({2-[(cyanoiiiethyl)ainino]-2- 
oxoediyl}tMo)btpbenyl-2-yl]-S,S-difluorocyclohexanecaiboxaim 


MS (-ESI): 481.1 [M-H]- 
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8 


II H 

N<cyanoinethyl)-5,5Kiifluoro-2-{4'-[(2"pyridin-2- 
ylethyl)thio]biphenyl-2-yl}cyclohexaQecarboxaiDid6 


MS (+ESI): 490.3 [M+H]+ 


9 


Fv F 

NKcyanoinethyl)-5,5Klifluoro-2-{4-[(pyridm-2- 
ylxiiethyl)tfaio3biphenyl'2-yl}cyclobexanecarboxa]iu 


MS (+ESI): 500.0 
[M+Na]+ 


10 


Fv F 

N-(cyaBOinethyl)-5,5-difluoro-2-{ 44(pyridm-3- 
ylinethyl)tMo]biphenyl-2-yl }y^clohexanec»rboxaniid^ 


MS (+ESD: 500.0 
[M+Na]+ 


11 


N-(cyanoinethyl)-5,5-difluoTO-2-{4'-[(pyridin-4- 
ylinethyl)tluo]biphenyl-2-yl}cyclobexanecarboxa]m(te 


MS(+ESI): 500.0 
[M+Na]+ 
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11 


/-V. !>< 

2-{44(lH-benzimida2x>l-2-yliDBthyl)thio]biphenyI-2-yl}-^^ 
(cyanoinethyl)-S,SHliflu<Kocyclohexanecarboxaimde 


MS (+ESI): 517.1 [M+H]+ 


12 


2-{4'-[(lH-benziimdazoW-yliDethyl)tWo]biphenyl^^^ 
(cyanoiriethyl)-5,5-difluQCOcyclohexaQecaiboxaizu^ 


MS(+ESI): 517.3 [M+HI+ 


13 


N-<cyanomethyl)-5,5HMuoro-2-{4-[(lH-inudazol-4- 
ylmethyl)tMo]biphenyl-2-yl}cyclohexanecarboxanude . 


MS (+ES]): 467.1 [M+ig+ 


14 


NKcyanomB%l>53-<lifluoio-2-{4'-[(lH-imidazol-2- 
ylmethyl)tbio]biphenyl-2-yl}cyclohexanecarboxa]iiide 


MS (+ESI): 467.3 [Mh-H]h- 
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15 


N<cyanomethyl)-5,5-difluorD-2-[4'-({ [l<lH-umdazol--2-"ylmethyl)-- 

lH-iniidazol-2-yl]methyl}thio)biphenyl-2- 

yllcyclobexanecarboxamide 


MS (+ESD: 547.3 [M+H1+ 


16 


X 

N-(cyaxioinethyl)-5,5-difluoro-2-(4 -{ [2-<lH"iinida2ol-4- 
yl)ethyl]thio}biphenyl-2-yl)cyclohexanecarl»xaimde 


MS (+ESI): 481.2 [M+HI+ 


17 


X 

NKcyanomethyl)-5»5-difluoro-2K4-{[2KlH-imid^^^ 
yl)ethyl]thio}biphenyl-2-yl)cyclohexanecarboxaimde 


MS (+ESI): 481.2 [M+H]+ 


18 


NKcyano!iHethyl>5,5-difluorD-2-<4'-{[(l-mBlhylpiperidin-4- 
yI)mBdiyl]thio }bipheoyl-2-yl)cyclohexanecarboxamide 


MS (+ESI): 498.3 [M+HJ+ 



-53- 



wo 2005/000800 



PCT/CA2004/000948 





X 










19 


N<cyancMnethyl)-5,5-difluorcH2<4'-{[2<l-ine%lpiperi 
yl)ethyl]lMo}biphenyl-2-yl)cyclohexanecaiboxainide 


MS (+ESI): 512.3 [M+H1+ 




Fv F 




20 


N<cyanoinethyl)-5,5-^fluoro-2-(2-fluoro-4HmethyltWo)^^^ 
2-yllcyclohexaiiecarboxaimde 


MS (-APO): 417.1 [M-m- 








21 


N-(cyanoinethyl)-5,5^fluoro-2-(4*-{[(5-phenyl4H-iimdazo 
yl)inetliyl]thiolbiphenyl-2-yl)cyclohexanecarboxamide 


MS (+ES1): 543.0 [M+H]+ 




X 




22 


NK<7anomethyl)-5,5-difhioro-2-{4'-[(2-pyridm-4- 
yletibiyl)tbio]biphrayl-2-yl}cycl(diexanecafboxamide 


MS (+ESI): 491.8 [M+H]+ 



-54- 



wo 200S/000800 



PCT/CA2004/000948 



23 


— p F 

X 

N<cyanoinethyl>5,5-<lffluoro-2-[4H{2-[(pyridm^ 
vlsuIfonyl)arQino]ethyl}tMo)biphenyl-2-Yl]cyclohexanecarbox^ 


MS (+ESI): 571.0 [M+H]+ 


24 


F F 

%P fl H 

NKcyanopiethyl)-5,5-dmuoro-2K4'-{[2-((pyridin-2-yls^^ 

[(pyri(lin"2-ylsulfonyl)amino]ethyl}aniino)ethyl]^^ 

yl)cyclohexanecarboxaimde 


MS {+ESD: 755.0 [M+H1+ 


25 


NKcyanc>inethyI)-5,5-<iifluoro-2-{4'-t(lH-tetrazol-5- 
ylmethyl)thio]bipbBnvl-2-yncycloIiBxanecarboxamide 


MS (-ESI): 466.8 [M-H]- 
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26 


2-{4*-[(l-cyanocyclopropyl)thio]biphenyl-2-yl}-NKcyanoniethyD 
5,5-difluorocyclohexanecarboxamide 


MS (-ESD: 450.2 [M-H]- 


27 


methyl l-{[2H2-{[(cyanoinethyl)anuno]carbonyl}-4.4- 
difluoiocyclohexyl)biphenyl-4-yl]tfaio}cyclopropanecarboxim 


MS (+ESI): 484.2 [M+H]+ 


28 


Fv F 

2-(4'-{[2-(lH-ben2iiiiidazol-2-yl)ethyl]tWo}bi^^^ 
(cyanoiiiethyl)-5,5-difluorocyclohexanecarboxamide 


MS (+ESD: 531.2 [M+H1+ 


29 


Fy^ F 

2-{44(lH-*en2imdazol-7-ylmBthyl)thio]biphenyW^^ 
(cyanoinB|]iyl)-5,5-diflucHOcycldiexanecarboxa]mde 


MS (+ESD: 517.1 [M+HJ+ 
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30 


N-(cyaiioniethyl>5,5-difluaro-2-[4'-({2- 

[(niethylsulfonyl)anHno]etbyl}thio)biphenyl-2- 

yllcyclohexanecaxboxamide 


MS (-BSD: 506.2 [M-HJ- 


31 


H fjL H 

N-(cyanoniethyl)-5,5-difluoK>-2-(4'-{2- 

[(mBthyl8ulfonyI)aiiimo]elliyl}bipheayl-2- 

yDcycIdiexanecarboxaiDide 


MS (+ES]): 498.1 
(M+Na]+ 



Pharmacg^tical qonyosiUon 

As a specific embodiment of this invention, 100 mg of (l/?,2/?)-iV-(cyanomethyl)-5»5- 
difluoro-2-[4 -(niethyIthio)-l,r-biphenyl-2-yl] cyclohexanecarboxamide, is fonnujated with sufficient 
5 finely divided lactose to provide a total amount of 580 to 590 mg to fill a size 0, hard-gelatin capsule. 

The compounds disclosed in the present application exhibited activity in the following 
assays. In addition, the compounds disclosed in the present application have an enhanced 
pharmacological profile relative to previously disclosed compounds. 

10 Ca±epsin K Assav 

Serial dilutions (173) from SOO fM down to 0.008S piM of test compounds were prepared 
in dimethyl sulfoxide (DMSO). Then 2 juL of DMSO from each dilution were added to SO /iL of assay 
buffer (MES. 50 tsM (pH 5.5); EDTA, 2.5 mM; DTT, 2.5 mM and 10% DMSO) and 25 ijlL of human 
15 cathepsin K (0.4 nM) in assay buffer solution. The assay solutions were mixed for 5-10 seconds on a 
shaker plate and incubated for 15 minutes at room tenq)erature. Z-Leu-Arg-AMC (8 /iM) in 25 pL of 
assay buffer was added to the assay solutions. Hydrolysis of the coumarin leaving group (AMC) was 
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followed by spectrofluorometry (ExX =355 nm; BtoX = 460 nm) for 10 minutes. Percent of inhibition 
weie calculated by fitting experimental values to standard mathematical model for dose response curve. 

Cath qisinL Assay 

5 

Serial dilutions (1/3) fiom 500 iM down to 0.0085 fM of test con:?)ounds were prepared 
in dimethyl sulfoxide (DMSO). Then 2 /iL of DMSO from each dilution were added to 50 fiL of assay 
buffer (MBS. 50 mM (pH 5.5); EDTA. 2.5 mM; DTT, 2.5 mM and 10% DMSO) and 25 /xL of human 
cathepsin L (0.5 nM) in assay buffer solution. The assay solutions were mixed for 5-10 seconds on a 
10 shaker plate and incubated for 15 minutes at room tenq)erature. Z-Leu-Arg-AMC (8 ^M) in 25 mL of 
assay buffer was added to the assay solutions. Hydrolysis of the coumarin leaving group (AMC) was 
followed by spectrofluorometry (ExX =355 nm; EmX = 460 nm) for 10 mmutes. Percent of inhibition 
were calculated by fitting experimental values to standard mathematical model for dose response curve. 

15 Cathepsm B Assay 

Serial dilutions (1/3) from 500 jtiM down to 0.0085 {iM of test compounds were prepared 
in dimethyl sulfoxide (DMSO). Then 2 fiL of DMSO from each dilution were added to 50 jxL of assay 
buffer (MES, 50 mM (pH 5.5); EDTA, 2.5 mM; DTT, 2.5 mM and 10% DMSO) and 25 /iL of human 
20 cathepsin B (4.0 nM) in assay buffer solution. The assay solutions were mixed for 5-10 seconds on a 
shaker plate and mcubated for 15 minutes at room temperature. Z-Leu-Arg-AMC (8 /iM) in 25 [iL of 
assay buffer was added to the assay solutions. Hydrolysis of the coumarin leaving group (AMC) was 
followed by spectrofluorometry (ExX =355 nm; Emk = 460 nm) for 10 minutes. Percent of mhibition 
were calculated by fitting experimental values to standard mathematical model for dose response curve. 

25 

Cathepsin S Assay 

Serial dilutions (1/3) from 500 iM down to 0.0085 /iM of test con^Kjunds were prepared 
in dimethyl sulfoxide (DMSO). Then 2 ftL of DMSO from each dilution were added to 50 fcL of assay 
30 buffer (MES, 50 mM (pH 5.5); EDTA. 2.5 mM; DTT. 2.5 mM and 10% DMSO) and 25 (iL of human 
cathepsin S (20 nM) m assay buffer solution. The assay solutions were mixed for 5-10 seconds on a 
• shaker plate and incubated for 15 minutes at room temperature. Z-Leu-Arg-AMC (8 /xM) in 25 \xL of 
assay buffer was added to the assay solutions. Hydrolysis of the coumarin leaving group (AMC) was 
followed by spectrofluorometry (ExX =355 nm; EmX = 460 nm) for 10 minutes. Percent of inhibition 
35 were calculated by fitting experimental values to standard mathematical model for dose response curve. 
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